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PREFACE

This report contains the results of Thiokol Chemical Corporation's Study
of Solid Rocket Motors for Space Shuttle Booster., The objective of the study was
to provide data to assist Natlonal Aeronautics and Space Administration in selection
of the booster for the Space Shuttle system. This objeciive was satisfied through
definition of specific Solid Rocket Motor (SRM) stage designe, development program
requirements, and production and launch program requirements, as well as the
development of credible cost data for each program phase. The study was per-~
formed by Thiokol's Wasatch Division, Brigham City, Utah, for the NASA George C.
Marshall Space Flight Center under Contract NAS 8-28430. The study was conducted
under the direction of Mr. Daniel H. Driscoll/PD-RV~-MGR NASA/MSFC. Thiokol
study direction was provided by Messrs. E. R. Kearney, Corporate Director,
Space Shuttle Program, and J, D, Thirkill, Program Manager, Space Shuttle SRM
Boonster Study, Wasatch Division

The final report was prepared in response to Data Procurement Document 314
and Data Requirement MA-02, The report is arranged in four volumes:

Volume I - Executive Summary

Volume II -~ Technical

Volume III - Program Planning Acquisition
Volume IV - Cost

Data Requirement M. -02 specified that the Cost report be par* f§ the Program
Acquisition ar? Planning report but because of ite importance and size it has been
bound as a separate volume in this Final Report,

Vo'ume II, Technical, has been further subdividerd into five books as follows
for ease of review and handling;:

Book 1
Section 1.0 ~ Introduction

Section 2.0 -~ Propulsion System Definition
Section 3.0 - SRM Stage

i




Book 2

Book 3

Book 4

Book 5

Bection 4.0
Section 5,0
Section 6.0
Section 7.0
Section 8,0
Section 9.0
Section 10,0

Appendix A

Appendix B

Appendix C

Apperdix D

Appendix E

Appendix F

Appendix G

Appendix H

SRM Parametric Data

SRM Stage Recovery

Environmental Effects

Reliability and Fallure Modes

System Safety Analysis

Ground Support Equipment
Transportation, Assembly, and Checkout

Systems Requirements Analysis

Masse Property Report
Stage and S8RM CI Specifications

Drawings, Bill of Materials, Preliminary
ICD's

Recovery 8ysiem Characteristics for
Thioko! Chemical Corporation Solid
Propellant Space Shuttie Boosters

Quantitative Assesament of Environmental
Effects of Rocket Engine Emisgions
During Space Shuttle Operations at
Kennedy Space Center

' Thiokol Solid Propellant Rocket
Engine Noise Prediction

SRM Stage Recovery

ii
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i Requeats for further information should be directed to;
Thiokol Chemical Corporation t\
! Wasateh Division )

P. 0. Box 24
Brigham City, Utah 84302

J. D, Thirkill 801 -~ 8G3-3011, Lxt 3-348]
1. ¢, Adams 801 -~ 863-3511, Ext 3-3400
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1,0  SRM PARAMETRIC 1,A°TA

The 166 and 260 In, SRM bhasclinge derigns chogen Ly ‘Phiokol for use on the
spree Shuttle wore degigaod for o maximum expected oporeling prossure (MEOHY)
of 1,000 psing the 120 In, motor has nn MEOD of 800 pai, The followlng eorves,
Plpures 4=1 , 4-2 , wiel 43, compare the husaline dosignag nd thelr design
MEOR and nlao of 760 pain,  Tho comparisons prosonted show that the bnseline
cnses are not the optimum condition for eaeh motor. A more compreheusive
parametrie md opthimdzntion study must he conducted that will take Into consideration
interactions of motor presgure and other motor purameters,

I'he composite plot of mass feaction va propellant weight presented in
Iigure 4-4  for the three diameters indieates that ench motor size has an optimuom
propellant weight~mass fraction relationship,

Figure 4-6  is presented as o comparison of motor lengtha and propellant
loudings, The figure also indicates the L/D ratio where L is the totad ongth of the
motor case and 1 is the outside diumeter of the euse,  An L/D of 10 is approxi-
mately the waximum practical limit, Motors with a larger 1L./D coukd be constructed,
but propellant louding would decrense, and the motor mass fraction would thus be
lower than optimum,

Tho growth potentizl for the large solid rocket motors is 1hnited only by
the availability of cquipment and fucilitics to handle them.  As pointed out enrliow,
cach diamoter SR'M has an optimum propellint Ioading configuration; however, as
motor diameter is inercased, the peak of the mass fraction-propellant weight curve
becomes progressively flatter, indicating that the larger motors have 4 wider hand
in which motor mass fraction {8 an aceeptable value,  For 120 in. wmotors, the
practical motor size ranges from approximately 0,25 to 0.7 million I of propeliant
with a corresponding length of 400 to 1, 200 in.  The 166 in. motor has n wider
range in the practical Hmits of 0.5 to 1.6 million Ib of propellant where the lengths
arce 260 to 1, 600 in, The ohviouwsly wider range in practicality for the 2060 in,
motor is 1.5 to approximately 6 million 1h of propellant and 500 to 2, 600 in, in
Jength,

YARCE

I
i
:
)




R . S - - : (N S ey Ta e e e o] S

WHS I919weK] "Uf 0Z X0] uosiredwo) UOIDELJ SSBN - 32IS 0PN "I-F sxadrg

9-c.198

{,_01 X NET) LHOIAM LNXVITIdOUd

1]
]

0°% gL 0°t €70 0

JdOTN VIS Sc;'\..\V/

JOAN VISd cewl\ /
.\vﬂ“ o
JOAI VISd 0¢L

23S ¢¢1 = JANWNLL NUAd
NVdd = INVITidOdd
SYILTINVEVI

018°0

4-2

P ——— > 028°0
/

NOLLOVHA 8SVIN HOLONW

006°0




LN

PARAMET'Y RS:
PROPELIANT = PBAN
DBURN TIME  + 135 SEC

0,920

750 PSIA
e MEOP

i
-
= 0.919
3
=]
: _
; 0. 900 ] £ MEOP
) \K
=
>
"

0. 890

0 0.5 1.0 1.5 2.0

PROPELIANT WEIGHT (L.BM x 10-6)

1,000 PSIA

361757

Figure 4-2, Motor Size - Mass Fraction Compaxison for 156 In, Diameter SRM
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H,0 SRM STAGE RECOQVERY

An investigation of recovering the expended solid propellant Space Shuttle
booster was conducted, This feasibility study included deseent dynamic mudes,
anticipated design londs, cffects of sea impact, and addjtional onboard bardware
required for the recovery system. The additional recovery bardware components
were sized, cursorily designed, and evaluated, Those rocket motor hardware
compoenents considerad for refurbishment arc delincated.

Preliminary investigations serve to substantiate complete feasibility of
SRM rccovery. Additional investigation is required to fully characterize the loading
environment and load capability of the SRM Stage; however, the anticipated problems
should readily yield to solution through minor case design modifications and control
of the sca impact conditions,

The S8RM recovery system must return the spent SRM stage after it has
served its propulsive usefuiness without damaging the SRM case. The spent SRM
case will be retrieved at sea and carried by ship to a dock facility.

The descent trajectory of the spent SRM case can be separated into three
pbases: (1) atmospheric reentry, (2) supplemental device deceleration, and
(3) water impact.

The booster motors are jettisoned from the Space Shuttle at a maximum
altitude of 160,000 ft {raveling with a maximum velocity of about 6,000 fps and
must then be slowed during the reentry phase. Since the flight regime is hyper-
sonic, parachute or cloth deceleration devices are not aceeptable becausc of the
associated aerodynamic heating und flow ficid problems. Therefore, it is desirable
after stage separation to orient the booster in a broadside attitude for reentry to
develop a high drag condition slowing the booster vehicle sufficiently for deployment
of parachutes. Two methods of attaining the broadside reentry are: (1) letting the
cylindrical body tumble in an autorotation mode, or (2) using halanced dihedral fins
to cause the booster to assume a nearly 70 deg angle of attack during the tran-
sitional flight period.

5.1 AUTOROTATION MODE

The descent velocity of a body can be reduced by Initiating a flat spinning
motion such that the body continuously presents a large fraction of Its maximum
projected area to the free stream. Becausc of the large increases in hoth the drag
area and the drag coefficient as the angle of attack is increased to near 90 deg, the
deceleration at a very large angle of attack can be many times greater than that of
the samce body in normal stable flight at a small angle of attack.
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Autorotative spiming {or yawing) motion 1s a means by which o hurpe angle
of attnck can be developed and sustained, Large angies of attnek cannot be gustained
unless the aorodynumic conter of pressure 18 nearly coincident with the center of
gravity, The expendod SRM configuration clogely npproximates a eylinder with the
center of gravity ant tho conter of pressure nearly at the centroid of the planform
arci,

H the empty bhooster reenters in a tail-fivst attitude, it will remain at 180 deg
angle of attuck; ie, nozale fivst, beeause thig is the stable trim angle {or the basic
center of gravity, This type of attitude is called the bomb mode. At thig angle
of attack the booster drag is o minimum and the & = 180 deg reentey trajectory will
result in the largest values of the maximum dynamic pressure.

If the booster reenters at an angle of 90 deg and without roll, spin, or yaw
rate, o tumbling motion will be initiated due to the acrodynamic overturning moment.
The tumbling motion will persist until a peak oscillation amplitude i8 attained.

‘The body will then oscillate with decreasing amplitude, due to both the acrodynamiuv

'\ damping and hetero-parametric damping associated with increasing dynamic pros-
sure. The motion will eventually damp to the stable trim angle of 180 deg. If the
booster also has a #mall axial spin, the oscillations will he smaller in amplitude,
but the booster will still rotate and eventually veach the 180 deg angle of altack

— condition. Since these tumbling reentries, as well as the tajl-first reentry, are

-“=‘ possible for a passive type, nonyawing reentry, rotation in the yaw pliane must be
induced to the body to assurc the 90 deg angle of attack reentry.

To cause autorotation motion at supersonic specds, a body-fixed Hiting
surface must be attached to the expended rocket case as shown in the sketch below,

SPIN FFINS (STAGGERED)

" g,

The lift generated by a longitudinal fin will produce an autorotalive moment* by
causing the loceal resultant cross forcee vector to be inclined relative to the descent

*Brunk, James K., "The Dynamics and Aerodynamics of Self-Sustained Large Angle
of Attack Body Spinning Motions, "' AFOSR-4696, February 1963,
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veloeity vector, Thus, a force component results that is in a plane normal Lo the
descent veloeity veetor., This foree, acting at a distance from the bady center of
gravity, produces a moment inducirg rotation in the yaw planc,

v Ve YAW AXIS
V - frce stream velocity at cg Fcf - resulting aerodynamie force at fwd tip
Vrf - frce stream velocity at fwd tip Fca- resulting aerodynamic force al afl tip
Vra. - free stream velocity at aft tip V - yawing angular rate

The problem with inducing the spent booster into the yawing autorotative spin
is that it must be despun prior to main parachute deployment, The method proposcd
to despin the body is to deploy a carefully designed drogue similar to those used
to despin supersonic aircrait during emergency conditions,

Two small triangular-shaped fins; one located near the forward attach
structure and a sccond located near the aft attach structvre will provide enough
fin gurface to initiate and sustain the autorotation mode of spinning,

Thiokol has observed this autorotative spinning on the LUU-2/B illumination
flare ordnance hardware. This flare is finless and as initially deployed it is
configured as o smooth right circular cylinder 36 in. long and 5 in. in diamoter,
The center of gravity of this flare 1s less than 2 in. from the geometric center.
When dropped from an aircraft, the cylinder tumbles end over end, damps out at
near 90 deg angle of attack, and then transitions into the autorotative spin mode.
Spin rates of up to 700 rpm have been observed. Further analysis of thc SRM
may indicate that this spent rocket stage may go into the autorotative mode without
the fins or covered attachment fairing.

A detailed analysis of the required fin size will need to he congidered

relative to other associated problems, The projected fin or covers may causc
deleterious effects on the rocket case at water impact.
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The fin slze to cauge and sustain autorotation is closely relited to (1) Lhe
digtance hetween the hody center of gravity and aerodynamie conlor of pressure al
00 deg angle of attack, (2) body symmetry about the cg, (3) the bady fineness satio,
and (4) the free stream veloeity, *® The eloser the eg-ep relationship the smabier
the fing. The more symmaotrical ahout the eg, the smaller the fins, the Jower the

fineness ratio the smaller the fins, and the lewer the free stream velocity Lhe smaller

the fing. The empty parallel hooster descent 18 favorable with respect Lo items
(1) and (2), and unfavorable with respeet to items (3) and (1), The cg-ep distance
is8 calculated to be 30 in.; ic, 0.02 of body length, The body is nearly o right
circalar cylinder and the conter of gravity 18 nearly in the center; ic, 0,56 of body
length. The booster L/D ratio is about 10 and the terminal velocity will he about.

M=1,2,

Preliminary sizing of the autorotation fins for this body indicates that small
fins are required. Figure 5-1 presents the fin gecometry and their location on
the booster. Note that the fing are located equal distance from the center of gravity
to minimize their ceffect on the pitching moment., The forward fin will be attached
to the rocket motor forward dome scgment gkirt stub and the aft fin will be attached
to the aft skirt structure. The fins are dihedral with rcspect to the booster and are
located radially 180 deg apart. This fin configuration should assurc near zero bank
angle, e, the body will be at a roll attitude such that the same side of the casc is
alwaye directed towards the air stroam. At zero bank angle and equal rotational
lever arm, the forward and aft fins should sec the same flow field, thus ylelding
a balanced autorotational yawing moment.

5.2 DALANCED DIHEDRAL FINS

The alternate approach ia to use balanced dihedral fins for reentry. Thesc
control fins would he mounted on the afl skirt to controi the vehicle attitude during
reentry of the spent SRM., These fins would be sized to orient the casc at or near
70 deg angle of attack. At this high attitude, relatively high resultant forces will
cause the velocity to decrease to a level which will allow deployment of a deceleration
parachute prior to water impact.

These aerodynamic control fing, becauce of their size, would bo heavy,
complex, and costly. Such an attitude control system would require hydraulic
actuators, servovalves, hydraulic and electrical power supplics, and a fairly
complex autopilot.

Because of the technical aerodynamic preblems and the associated wind
tunnel testing, contrel system, and hardware costs, the concepw of flying the ecmpty
case in during reentry is not seriously considered as a method of controlling the
descent.

*Brunk, J. E., Davidson, W, L. and Rakestraw, R. W., "Thc Dynamics of Spinning
Budies at Lurge Angles of Attack, " AFOBR/DRA-623, January 1962.
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5,4 BOMB MODE

An alternnte method of recovering the booster is Lo Jet the hooster stagge
tumble and oventually damp ouf at 180 d2g nngle of atiaek In the bormb mode, Pl
vehiele will approach a torminal veloeity Leaveling nearly Mach 1, 6t 20, 000 11
altitude,  Targer and stronger drogue ehites, or possibly o drogue ehate systen
similar to thoge usad on gpecinl woapons, could bhe deployed (o decrense the siigge
velocity to that at which the main parachute could be safoly deployed,

liistorteally, supersonice deceleration systems have bheon expensive to
develop and have imposed severe welght penalties,  ‘1'o design such a system,
doetatlod studies will be requirved to deflne (3) how the unfinned SRM Stiage tnmbies l
and in what dynumic mode, and (2) magnitude of the rotatlon rates at drogue
deployment.,

5.4 DECELERATORS l

Preliminary trajectory investigations indicate thal awrving o broadside . [
re-chtry, the booster ¢ase temperature witl inercase 200°1 due to acrodypanic
heating, The maximum dynamic pressure will be fess than 450 psf and will oceur
near 90,000 ft altitude, Thus, the thermal and acrodynamie loads on the para-
chute compartment arve negligible during re-entry.

Recovery gear must include devices to provide tracking and locating signals
for hardware pickup. These location alds would include a radio beacon Lo track
the spent boosters at high altitude, smoeke generating flare add in the parachute
descent phag: and dye marker, flashing lights, or Huminating flares for sca q
locators,

e

The parachute for deceleration prior to water impaet will be initiated near
20,000 £t altftude. The SRM Stage velocity will be approximately M-=1,2 and be i
oriented at a -40 deg £light path angle, A mortar-fired pilot chute will be requived
to deploy the drogue chute.  The drogue chute will be of reefed ribbon design and -
when fully deployed will despin the vebicle, bring i to near vertical atttude, el ¥ |
slow it to about Y00 fps in the recfed condition, At 15,000 ft altitude the muin
parachutes will be deployed initintly in the reefed condition, slowing the vehlele
to 236 fps. At 12,000 £t altitude, the main parachutes will be disveefed and slow
the booster to the desired fmpact veloeity of 100 fps,  Vohiele attitude at wailer
impact will be at near vertieal,  The parachute will detach at water impact,
Figure 5-2 depicts the above mentioned sequence,

s and

F I

The parachutes will be paekoged inside the aft skirt helween the nozezle
and shin falring us shown in Figure 5-3 . Deployment of the deceleration devicee
will be controllad by o harometrie device,
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Goodyear Aerespace Corporation was awarded n subeontract by Thiokol
to study, size hardware, nad estimate costa for a parachute recovery srystom
for the Space Shuttle SRM. Their report is included as Appendix F. They ‘\
investigated decelerator systems for 50, 100, and 150 fps saplashdown require-
ments for both the single parallel motor and the sericr cluster, Their hardwire
recommendation for the 100 fps criteria for the parallel configuration ineludos
the following components for which a detail weight breakdown ig tabulated in
‘ Table 5~1,

Drogue Pilot Mortar (4.7 Ib/one required)--"The mortar-doployed pilot
chute is required to expel the squided canopy free of the acrodynamic wake caused
by the primary body. The device is a stainless steel container 13.2 in, in
diameter and 39,6 in, long., Pressurization ig supplied by a solid propellant
gas generator power unit mounted on the forward cnd of the canister, A sabot
piston with an O-ring seal fits between the power unit and the pilot chute, The
sabot piston does not allow the warm gases to pass by and damage the pilot chute,
: When the gas generator charge is ignited, the gases push the sabot piston and
;.\ the packed pilot chute out of the aft end of the tube at a velocity of 105 fps,

Drogue Pilot Parachute (20 lb/one required)--This chute, attached to a
long riser line, will be cjected into the cquiescent free stream. The purpose
; of this parachute is to extract the high speed drogue from its canister, This
5 chute will be a 9 ft diameter ribbon type, and will pull the drogue chute package
- out with n maximum load of 10 gs.,

Drogue Parachute (2,330 lb/one required)--The drogue chute will despin
the turabling booster and slow it to a velocity at which the main parachute system
can be safely deployed, This chute is designed to be deployed at Mach 1.2 at
20,000 ft altitude. It is a high strength, 40 ft diameter ribbon parachute, This
! chute will have single stage reefing and will sustain a 2,9 g shock opening load,
which corresponds to a maximum load of 435,000 1bf.

l Drogue Riser (357 1b/one required)--The drogue riser is 27 ft long and
made of nylon,

Main Pilot Mortars (48.5 lb/two required)--These sabot devices arc similar
to the drogue pilot mortars. They ure 13,8 in, dlameter and 41.6 in, long. They
¢ject the main pilot parachutes at a velocity of 105 fps.

Main Pilot Chute (45 Ib/two required)--The main pilot chutes will pull out
the package composed of three each main parachutes, These chutes will be of
ribbon design, 19.6 ft in diameter and will exert a maximum of 10g's acceleration
on the main chute cluster package,

- NOTE: The drogue chute cannot be used as the pilot
; J chute because the main chutes are in two separate
packages,
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TABLYF 5-1

WEIGHT OF RECOVERY 8YSTEMS FOR 100 FPS
WATER IMPACT VELOCITY

Main parachutes (six 81 ft dia ribbon)

Drogue parachute (40 ft dia ribbon)

Main riscr bridle

Drogue riser bridie

Sequencer, reefer cutter, bags, confluence rings, mise
Pilot chute {drogue)

Pilot chute (main)

Main riser bridle

BDrogue riser bridle

Drogue mortar

Main mortar

Attachment and compartment structure
Inflation system

Orientation system

Main chute flotation

Drogue flotation

Beacon and flaghing light/smoke flare

Subtotal
Contingency

Total for cach SRM
Stage total

6-10

3,873
2,330
491
357
1,000
20

50
144
88

47

97
8,337
1, 000

130
90

238
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Main Pilot Riser (72 lb/two required)--These risers are 76,6 1 long mud
will place the main pilot chutos out far enough s Zhiat each ean pull out its
attached main cluster package without interfering with the other,

Main Parachutes (645.5 lb/six required)~-The main parachutes will be
deployed at about 15,000 {f whera vehicle velocily is 6540 fpa. These chutes will
have single stage reefing and be configured in two clusters of three, These tulrly
lightweight chutes will be an 81 ft diameter ribhon type design,

Muin Parachute Riser (291 1b/one required)~-The main parachute riser
Includes a bridle system that separates the two parachute clusters, The main

parachute riser/bridle system ie anchored to the pad holddown points on the 8RM
aft skirt structures,

Orientation Device (130 lb/one required)--The orientation device system is
designed to rotate the hooster after it is lying in the water Lo one of four roll
positions, In each of the four positions a radio beacon and a flashing light will
be visible from any approach direction, Positioning is accomplished by inflating
four rows of inflatable spheres attached to the outside of the booster. The rows
are located 90 deg apart around the circumference. The locating beacon and light
are 180 deg apart from each other, The bercon and light are each 45 deg from
two of the rows of spheres.

Preliminary calculations indicated the waterline will be 2.5 ft up from the
bottom of the cylindrical part of the hooster and the booster will lie nearly fuily
exposed and level in the sea.

The number of spheres specified for this system will prevent the booster
from rolling over in a Sea State Four condition,

5=11
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6,6 PARACHUTE STOWAGE

For proper deployment, the parachutes must bhe located so they can he
extracted from the suspended body in nearly a straight line to the final inflated
position, Becaure the water entry mode 18 nose first, the parachute compartment
must be located on the aft end of the rocket motor and the deployment will he
dHreetly aft, A compariment aft of the hydraulic control system hardware hetween
the aft skirt and the nozzle exit cone (Figure 5-3 ) has been tentatively selected.

To use this location, the nozzle exit cone must be removed prior to parachute
deployment, Tho exit cone is made of n fiberglass outer structural ghell with a tape
wrapped ablative tiner and connot be reused,

The exit cone will be eul with a linear shaped charge »rior to ignition of
the drogue pilot chute mortar deployment, Since the rocket m  r will be tumbling,
this cone will be cjected into the free stream by centrifugal force dynamics,
Because the drag-to-weight ratio of the exit cone i8 much larger than that of the
primary body, this debris will be separated far enough to prevent collision,

The thermal environment inside the parachute compartment must be kept
low (less than 165°F). The external aerodynamic heating is low (A T = 200°F)
as 1s also the heat transfer from the nozzle. During rocket firing, the fiberglass
exit cone must be held to a temperature less than 100°F to maintain structural
integrity. The only heat source of concern is radiation from the exhaust plume.
Some insulation and reflection material will have to be placed on the aft end of
the recovery parachute compartment to protect against the heat load from the
plume,

The aft skirt was analyzed with respect to the loads imposed by the
suspension system. These loads will be transmitted through attachment points,
located 180 deg apart on the aft skirt, Fach of these points ts designed to be
capable of 600,000 1b in tension for pad holddown and {s strong enough to with-
stand the parachute loads, The viser bridle will have to be carefully routed inside
the parachute compartment to prevent tangling, These bridles will include one
pilot drogue riser attached to the drogue package, one droguc riscr attached to
both holddown points, 2 pilot main riser attached to each main parachute cluster
package, and a bridle for the main parachute system to be attached to the aft
skirt, Each of thesc bridles will require a pyrotechnic cutter to release cach
parachute syatem when it has completed its functional scquer.ce,

Goodyear conducted some tradeoff studies between the drogue size and
welght vs the main parachute strength. The larger the drogue parachute, the
more the body is slowed for main parachute deployment, The lower the velocity
for main parachute deployment, the lower the opening loads und, henece, the
lighter the weight of material which can be used.

5~12
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In sizing chutes, Goodyear selected fairly large, very heivy duty deogue
parachutes and a ghter main chute system,

State-of-the-art for design, development, and manufacture of ribhon type
parichutes iR considered to be up to 120 fi in diametor for deployment up to Mach 1,2,
The wedght of a parachute besed on a per unit area/per unit lond eriteria, iherensces
by the diameter to the 1,5 power, Thua, the larger the ehate, the lowoer the weight
officiency,

Clustering of parachutes presents some deploym:nt problems (tangling,
partial inflation). The aerodynamic efficiency decreases as the number of para-
chutes in a cluster increases, Because of geometry i casons, subclusters in
general must be groups of three, and for a 100 fps terminal velocity, the combina~
tions considered for the main chutes were as follows.

1, Three 115 ft diameter chutes,
2, Bix 81 ft diameter chutes,

d. Nine 66 ft diameter chutes,

Six 81 ft diameter parachutes were selected because this configuration appears to
be best for minimum weight and minimum development cost,

The ribbon type design was selected for all parachutes because of the
inherent capability of this type to accommodate high canopy loading., This type
also exhibits a consistency of performance that indicates it is relatively insensitive
to canopy loading over a broad range (3 to 30 psf).

Preliminary analyses indicate that the case can survive a 100 {ps waicr
impact and the parachute system has been designed for this value.

If the current design of the 156 in. segmented casce cannot withstand this
impact veloetty, detail tradeoff studies between becfing up the primary structure,
resizing the parachutes, or designing a retrorocket system wili need to be
conducted.

Should lower water entry velocities prove desirable, a previous study*
has shown that a combined parachute and retrorocket system may provide the
lighter, more desirable recovery gystem,

*French, K, E,, "Parachute and Retro-Rocket Landing 8ystem for Vertical
Deacent, ' J, Spacecraft and Rockets, Vol, 2, N,J., September~-October 1960,
pp. 797-799,
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For instanee, the retrorocket weight required to slow the hoogter from
100 fps to zero veloeity would require a 2,000 1b retrorocket systen, H theso
rockets were fired when the booster was 100 ft above the watler surace, they .y
would have to operate for 2 sec and deliver an axial thrust of 245,00 b, The ‘
100 ft altitude signal for rocket motor ignition could be sensed by & radar proximity
type fusa, i

5,6 RECOVERY HYDRODYNAMICS

The primary reqguirement that the expended SRM must survive water impact
with a4 minimum of damage establishes as the critical parameters: (1) primary
orientation (nose down or nozzle down), (2) impact velocity, and (3) impact angle,
Preliminary analyses were conducted to evaluate both nose first and nozzle first
entry at 50, 100, and 150 fps impact velocity.

The axial accelerations imposed on the booster and the nose depth history
for impact velocities of 50, 100, 150 fps are presented in Figures 5-4 and 5-5 . *
The body rebound velocities for the three impact velocities also are shown, At an
impact velocity of 100 fps the body will enter the water Lo a depth of 66 fL,
Preliminary analyses indicate thau the hydrostatic pressure at this depth is not
sufficient to cause buckling of the case forward dome or the cylindrical section
immediately aft,

b
The anticiputed sequence of nose first impact is as follows, At initial
contact of the nose, the water will behave as a highly viscous fluid and a shock l
wave will be formed which travels in the fluid at approximately 5,000 fps, The
structure at the tip of the nose cone will probably be slightly crushed and although l
the skin of the nose cone is supported by a heavy ring and stringer structure,
some local skin buckling or rupture may occur, After the initial impact, the
SRM will continue to travel downward in the fluids the mass acting downward, ‘
drag and bouyant forces acting upward. As penetration continues to maximum
depth, drag and momentum forces decay to :ero and the bouyant force increases
to a maximum causing the body to rebound upward toward the surface. The nosc l
cone will exit from the surface to a height of 38 ft. A second impact of the nose
cone with the water will oceur, probably not symmetrically, and the SRM will fall l
over on a side in a slapdown mode. The slapdown loads could be as great as
10 g acting nearly normal to the SRM longitudinel axis with a maximum pressure
load of about 30 psl imposed on the aft skirt, Flotation gear located near the |
SRM nose will inflate and cause the body to float, nozzle slightly down, and nose
out, A sketch, Figure 6-6 , illustrates this seguence of events. '
|

*National Engineering Science Co, "Recovery of Booster at Sea,” NASA X67-19630,
April 1967
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In naozzle first entry, the nozslo of the booster enters the water vertically,
aowave is formod which detaches Hse)! {ram the wall ontside the aft mkivt nmt piles
up on the ingide of the nozzle and the eavity betwoen the nozzle and the gkivd,
water will flow up the nozzle and also will flow Into the eavity exterior to the
nozzale,  ‘The flow up the nozzlo will continue until the equilibrinm is venched
hotween the pressure of the compressed adre ingido the rocked. chamboer and the
kinetie hydrostatie hond,

Since the volume inside the cavity lormod by the alt skirl, the nozzle, and
the aft dome is small, high hydrostatic/pneamatic prossares will be £l on the
inside of the skirt structure. Damage to the aft skivt and the hydranlic control
system housed in this stractuye and aft dome may result,

The overall loads imposed on the primary structure during nozzle first
entry should be about two-thirds of those imposed by 2 nose first impact, The
hydrostatie loads due to depth penetration will be from the inside out (fe, internal
pressurc), ‘The ease is designed as pressure vessel and the stracture will easily
withstand the incident pressures,

These problems have led to the preliminary selection of the nose first
entry, '
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6,7 CASBE RECOVERY

‘I'he bareline roecovery condition for the 156 in, parallel burn SRM has heen
defined as a vertieal, nose down water entry at a veloelty of 100 (ps. WIth thoso
inftinl conditions, 11 i enlculated that the motor will ponetrate to s maxinuon depth
of 66 {t before all of the kinotie energy is oxponded,

Figure 6~7 shows a schematie view of the motor in the maximum ponctration
condition. 'T'he hydrostatic pressure head at various scetions on the ease and nose
cone i8 shown as well as typical lengths of case sectfons,

This attitude of entry (vertical) is especially attractive from the standpoint
of structural efficiency since the parachute deceloration loads ean be fed into the
case near the aft skirt holddown points. These load points are initlally required to
support the entire Space Shwitle nagembly prior to launch and to hoki down the gssem-
hly at full thrust after ignition and before release. Each point 18 capable of rencting
an aft directed load of 600, 000 1b for a total load capability of 1.2 x 10% 1) for two
points. The maximum gnatch load of the drogue chute is valeulated to total 600, 000
1 while the maximum load in main chute gystem is predicted to be 300,000 th.  The
loading inherent to this system of entry can, therefore, be easily accommodated
with a minimum of additional structural weight. This compares with (1) an angular
entry where a harneea i8 necessary ‘o control the attitude and transmit the 600, 000
lb drogue chute load into the case or, (2) the nozzle first entry where the structure
in the nose cone must be utilized. This nose cone structure is heavy, but initial
design requirements (motor support and boost) are primarily compression loads.

The first real structural encounter in the recovery sequence occurs when the
vehicle makes its initial contact with the water, At this time, a relatively high magni-
tude acoustic wave is propagated due to the slight water compressibility. The shock
pressure behind this wave acts for a very brief duration on the initial arca of contact.
The predicted duration of this load is shown in Figure 5-4 , Since thesc pressures
act over a relatively short duration of time, they generally cause no structural pro-
blem but produce a "ringing effect." However, a thorough investigation into the dynam-
ics of the hydroimpact problem must be conducted as part of the total recovery study
to determine the exact magnitude and duration of these entry londs. Much can be done
either to accommodate or help attenuate these loads should they prove to be a problem,
Possible soluttons include a crushable (energy absorbing) nose cone tip, an optimum
hydrodynamic shape, or merely letting the nose cone skin erush as an energy absorh -
ing mechanism,

The second structural effect of the water entry is a sharp deceleration of the
vehicle due to the acoustic pressure effect. Figure 5-4 shows that the maximum
deceleration for 100 fps reentry velocity is approxtmately 8.5 g. The axial load
resulting from this magnitude of deceleration i8 of no conseguence at all to the case
which can withstand approximately 100 g (empty) before axial buckling hecomes a factor,
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At tho point of maxtmum penctration (Figure H-T), onc ol thae: mosl severe st -
turenl lond conditions occurs, that of hydroatatic head pressure of e sen witor, In o,
this condition, tho major consideration is the hydrostntie huekling of the eytudrienl ™
segtion of the enge. Proliminury ealeulations baged on the apsumptions of a short
eylndor over one maximum segment length (281, 5 In,) Indieated that the eritiond hydro-
stutie buokling was 48 palg for u DEAC oase. Subacguent ealeulations indiented, how
ever, that tho offeetive momoent of inertia of the sogmoent joint seetlons was not high
onough to tnsure short eylinder buekling responso within an individunl segment,  The
next approach, which was tuken to estnblish a lower boundary for buckling, waw ¢o
assume that the ontire motor case was only held eireular at the end tangent points
and to completely ignore the contribution of the clovis joints. Thoese assumptions pro-
duced a prodieted buckling allownble of 8, 75 psig. It 18 more reallstic to assume that
the section of the case above the waterline forms a ring stiff cnough to hold the ussem-
bly circular at the waterline but not otherwise constrain it. Previous extensive experi-
once in the SRM case industry has shown that a hemispherical dome tangent provides
an extremely stiff boundary for buckling on the forward part of the casc,

Under thesc agsumptions, there are 628 in. of case evlinder submerged and
subjected to hydrostatic pressure., Using this value for eylinder length, the lateral
buckling pressure allowable becomes 19,6 psig. Fgurce 5=7 shows that the maximum
hydrostatic pressurc on the cylinder at baseline submergence 18 19 psi.  The DBAC
case may be marginal and more refined analyses are required to agsure that nosge
down reentry is acceptable,

One other possibility of an overpressure condition in excess of hydrostatic
head could exist if significant cavitation occurs during entry and then collapscs against
the case. This problem has not yet been addressed analytically due to the complexitios
involved but must be fully evaluated as part of a future recovery study,

The cavitation effect can be mintmized by the proper selection of the nosc cone
shape, and the buckling capability of the forward sectiona of the ecase could, if neces~
sary, be substantially increased by the addition of an internal stiffening ring or an
external or internal honeycomb jacket,

The preceding casc capability calculations do not include any effeets of asym-
metrical loading but are presented only to demonstrate the basic feasibility of the posc
first vertical entry approach to recovery,

After reaching maximum penetration depth, the vehicle will he capelled [rom
the water by buoyancy forces to a maximum height of 38 ft. At this point, the attitude
can no longer be controlled and the casc will randomly tumble back to the surface of
the ocean,

One of the mo—e severe reenticy modes would be a single point ¢ntry as shown
in Figure 6~8 . In this moade, the case 13 capable of accepting In excess of 30 g
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without bending buckling. This acems highly unlikely since the axial g loading due
to initial impact was only 8.5 g. It is aleso highly unlikely that the case will have
time to assume a near horizontal attitude, as shown in Figure 5-7 , whieh should b
more severe than a more vertical reentry. It would geem that the initial impaet

on rebound would be less severe than an initial entry since the veloeity (from a 18

ft fall) would be only 50 fps. The rebound impact at nonvertical attitude causes the
body to whip. The whipping action causes the body o slapdown to a horizontal atti-
tude near the water surface,

An additional potential problem area is the asymmetric saddle pressure that
the case will experience during final horizontal slapdown, Figure 5-7 shows a typi-
cal distribution, It is not anticipated that thig effect will present a critical problem,
but it must be investigated thoroughly in the recovery study phase.

The salt water environment should produce no deleterious effects on a D6AC
metal case if recovery and subsequent cleaning are rapid.
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5.8 REFURBISHMENT

Following successful recovery of the spent SRM stage, refurbishment
operations would he required to prepare recovered components for recycle and
reuse. The following components would be refurbished for subsequent rceyeling
in the program: (1) case, (2) nozzle structure, (3) stage attach structure, (4) HPU
and actuation system, and (6) the recovery system.

Numerous assumptions were made {n conducting the component recovery
and refurbishment studies. A 90 percent hardware recovery rate (10 percent loss
rate) was assumed and it was assumed that each component would be discarded after
it had been used 10 times. Case and nozzle hardware are to be shipped from KSC
to Thiokol/Wasatch Division for refurbishment and subsequent recycle. Refurbish-
ment of stage attach structure, HPU's and actuation systems, and the recovery
system will be accomplished at KSC. The cost data presented in Volume IV reflect
these assumptions. Required refurbishment operations are described briefly in the
following paragraphs.

5.8.1 Motor Case

The DBAC rase will be recovered, disassembled, and flushed with treated
water. After a thorough drying operation, the case can be inspected for visual
damage such ag scrapes, gouges, and cuts that might have been incurred during the
recovery process. If any of the damage mentioned is observed, repair will have to
be evaluated on an individual basts. If the case passes visual inspection, it will be
treated with a suitable rust preventative and put into the normal processing line for
hydrotest and »eleading.

The 10-reuse requirement with {ts inherent 20 pressure cycles should not
in itself prove to be limiting since this represents a very low number from a cyclic
fatigue standpoint. The limiting factor will almost certainly be the accumulative
damage incurred during succeasive recoveries.

Case reclamation does not present a major probiem with respect to reinstalla-
tion of an acceptable fnsulator. Thiokol has demonstrated on the Stage I Minuteman
and previous 166 in, motor firings the capability of reclaiming steel cases from
static motor firings.

The reclamation procedure proposed for this program is to remove the total
insulator from the fired case segment by applying localized heat to relieve the case
insulation bond. The case would be subjected to a complete insulator fabrication
process, the same as a new motor.

To further facilitate the reuse of the motor case, the nozzie joint, nozzle,
and igniter will be installed and sealed with a noncuring compound to facilitate easy
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removal after the motor has heen fired. ‘The selected material is numher 3992
vacuum bag compound manufactured by the W. P, Fuller Compuny and thig material
has demonatrated excellent performance as a joint sealer.

5.8.2 Nozzle

Previous experience has shown in many instances that the metnllic atructures
from fired nozzles can be salvaged, refurbished, and reused in bullding new nozzles.
Resulting cost reductions from 10 to 20 percent are possible depending on the com-
plexities of the structures.

Upon receipt of the recovered nozzles by Thiokol, the ablative and insulative
plastics will be removed by heating in an oven to break down the bond line. The
plastic components are not reusable and will be discarded. The metal structures
will be cleaned, inspected, rust inhibitor applied, and shipped to the nozzle fabricator.
On arrival, they will be thoroughly cleaned and inspectad In detail to verify that all
design requirements can be met and that they are acceptable for reuse. The metal
structures then will be incorporated into new nozzle assemblies.

The flexible bearing assemblies from movable nozzles also can be recovered.
The elastomeric shims will be reclaimed and the end rings and metallic shims
salvaged and refurbished for reusa. Such saivage and reuse operations huve been
successfully conducted by Thiokol in current flexible bearing nozzle programs.

It has been postulated that the entire bearing assembly may be reusable
without removing and replacing the elastomeric shims which could efiect even greater
savings in nozzle costs. This would entail complete retesting of each recovered
bearing assembly and veri{'zation of integrity by successful static test firing. This
has not been done previousiy but would be evaiuated during the development phases of
the program.

5.8.3 BStage Structure

The SRM stage structure (forward and aft attachment structure, nose cone,
and aft skirt) design will include the requirements (loads and environmenti) of staging
impact and recovery. The 10 cycle reuse criteria will be applied to design and
testing.

Selection of materials and farteners will be highly levered toward a minimum
sensitivity to corrosion effects. The deeign and materials will he amenable to the
repair of unplanned damages and nicks and gouges. In general, the pertinent aspects
of marine design criteria will be spplind.

The total recovery sequence will be evaluated relative to an SRM stage
designed for launch and flight conditions. ‘That 1s, by controlling the attitude of

5-25




impact, reeovery might not affect the SRM design; however, a detniled cost trade
study s indicuterd,

'"he stuge structure will he processed through the same recovery and eleanging
eyele as the ease; flush with treated water, dry, inspect, repair, and protect. The
components then would ho storod at or near the lnunch site for scheduled reusc,

6.8.4 IIPU and Actuation System

lefurbishment of the entire nozzle actuation system and controls is recom=-
mended.  Similar equipment currently used on large solid rockets (Poscidon, Spartan,
Nike~Zcus, ete) have been rcused many times.

''he HPU and controls selected for the 156 in. SRM application has « life
expectancy of ¢1 bot starts without major refurbishment, other control components
such as reservoirs, filters, accumulators, servonctuators, control boxes, ete, arc
designed to equal the HPU operation life. Therefore, all the associated control
cquipment wiil have a comparable life expectancy. For estimatirg purposes, recveling
of the HPU and contrels hardware appears realistic.

External environmental protection of the component housings will be
accomplished with cpoxy coating. Other components will have a honded rubber coating
over high corrosion surfaces. Since all the hydraulic system and all the turbine fuel
system is scaled, no salt water can enter either of the internal systems. Therefore,
the only major problem is the external component protection.

The major concern is the electrical equipment and their connectors. Selecting
a waterproof mechanical joint for the electrical application will he the most difficult.
Prior to the selection of the connector configuration, a verification type test program
will be established to help isolate potential problem areas. Ior cost cstimating
purposcs, Thiokol expects to completely replace all electrical harnesses and
assoclated connectors,

Refurbishment of the HPU and controls will be accompiighed at the launch
site. Refurbishment will in many Instances include complete teardown, examination,
reassembly and rerun of the acceptance testing.

5.8.5 Recovery System
The assumption is made that the main chuter, hoth drogues, the mortar,

and the beacon will be refurbished. The pilot chutes, deployment bags, main and
droguc chute risers, and flotation gear will be cxpendable.
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The recyeling plan includos off-loading the recovered paranchutes on the dock
of the refurbighment facility through the parachute packing cyelo and returning to
inventory awaiting delivery to the miasion vehicle as follows, '\‘

1. Off-load the recovered parachute on the dock,

2, Scparate chutes, remove flotation gear, and untangle
and defoul suspenston line.

3. Wash chutes.
4. Dry chutes.
5. Inspect chutes for damage.
6. Repair chute damage.
7. Rig and install flotation gear.
8. Install reefing system.
9. Pack chutes.
10. Move parachutc pack agsembly to inventory stores.

The mortars and the beacons will be sent back to their respective vendors
for refurbishment.
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4.0 ENVIRONMENTAL EIVECTS
‘\
Thiokol Chemical Corporation has made an extonalve atudy of the environ- "

montal offects of Space Shuttle configurations consisting of large solid propellant
hoosters coupled with a liquid fucled orbiter, 'Fhiokel funded Geophysical Corpora-
tion of America (GCA), Technology Division, Salt l.ake City, Utah, to perform
subcontract work defining the cffect of gages emitted from the shuttle motors. GCA
used extensive mathomatical modeling developed for NASA Marshall $pace FFlight
Coenter. 'Thiokol alsgo funded Bolt Beranck and Newman Inc., Bedford, Massachuscetls,
to perform acoustic analysis of the near and farfield noise generated by the combined
shuttle motors.

The results of these extensive studics show that no environmental problems
should occur.

6.1 EXHAUST GAS TOXICITY ANALYSIS

The exhaust gas from the SRM's is made up of the following components:

Percent by Weight

CO 24

CO, 3.7
HC1 21.5
Ho0 9.5
Nz 8.8
Hy 2.1
Al,0q 30.2
Misc 0.2

The potential environmental hazards poscd by these products fall into three
categories:

1. Ground level concentrations or dosages of toxic
products exceeding toxicity levels iz uncontrolled areas.

2. Pogsible damage to vegetation or other receptors due
to surface deposition of exhaust product.
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4. Posaible long term huildup of foreign species in
the atratosphere,

Thiokol subcontracted the work of analyzing these possibilities to GCA.
Computer programs developed for NASA and the U, 8. Alr Force were uged hy GCA
to quantitatively assess the first two potential problems. The toxicity criteria
assumed were derived from previous work done for NASA by GCA. Figures ¢-1
thru 6-6 show for normal launch and for pad abort, in which both SRM's burn oul
on the launch pad, that peak concentrations are well below allowable limits.

For the stratosphere problem, it was assumed that no danger exists if the
products diffuse to ambient values. If a product 18 not a normal constituent of the
stratosphere, the ambient value used was for that of trace elements such as xenon.

Three launch conditions have been considered. In the normal launch, both
SRM's and the LOX cngine are considered to be fired simultaneously. In the pad
abort, two SRM's burn at the normal rate while the boosters are held down on the
launch pad. The destruct case considers that both SRM's and the 1.OX engine relecasc
all their products instantaneously to the atmosphere at an altitude of 2 km.

Three meteorological regimes, spring, fall and sea breeze, were considered.

They are characteristic of those conditions which exist at Kennedy Space Center (KSC).

All three regimes were assumed to include a thermal inversion. The most severe
inversion was for the sea=breeze regime and consisted of & 3°C temperature rise
between 0.3 and 1.0 km altitude.

The results of GCA's computation for the tropospheric problems show that:

1. For the threc meteorological regimes considered, the
ground level concentrations of HC1, AlyQOg and CO arc
all below the maximum allowable 10 min concentration
levels for both a normal launch and an on~pad abort in
which both of the solid propellant motors complete
propellant burn with the vehicle in a holddown status.

2. For a low level vehicle destruct event at an altitade of
2 km, calculations show that for a stabilized cloud of
exhaust products at an altitude of about 4 km having an
approximate diameter of 2 km, average concentrations of
CO (50 ppm) and AlpO3 (356 mg/m3) within the atabilized
cloud would be well helow the ground level toxicity
criteria and the corresponding HC1 concentration (30 ppm)
would be equal to the ground level limit,

3. The formation of an acid mist is possible only in situations
where the ambient humidity approximates 100 percent; the
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production of an acidie drizzle or rain that will

reach the underlying surface in significant amounts
appears to be extremely remote, The formation of
small water drops within the exhaust cloud with an
acid content of 1 to 5 percent by weight is posaible
if a sufficient ambient supply of water 18 available.

4. Calculations of the maximum removal of HC] from the
exhaust cloud by falling precipitation show that the
maximum surface deposition of HC1 ranges from about
0.26 to 4.2 gm/sq m, depending on the time after launch
at which the precipitation begins. Although we are not
aware of detatled studies of the effects of HC1 on
vegetation and other receptors, concentrations in this
range appear to be potentially capable of producing
harmful effects.

There is evidence that the methods used to evaluate toxicity problems
described above are conservative. Data taken during Titan IIC firings have shown
concentrations of HCl to be only slightly greater than 3 ppm at 50 ft, while the
critical predictions were 30 ppm at 500 ft.

The stratospheric computations shewed that concentrations of CO2 and No
would fall to ambient levels within a few minutes after passage of the shuttle, and
H20 levels would return to ambient values within: a few hours. An extremely
conservative approach for determination of HC1, AlyO4 and CO in the stratosphere
indicated that only trace levels were left after a couple of days.

It is concluded, therefore, that no stratospheric buildup will occur from
launch rates as great as 60 missions per year.

In summary, it is concluded that no exhaust gas toxicity problem exists for
normal or abnormal launch in normal weather conditions. It appears that the only
problem that could occur would result from launches during rainstorms or if the
exhaust gas cloud passes through a rainstorm within 100 km of the launch site. FEven
this hazard {s minimal if the path for surface deposition is over water. It is expectod
that in nearly all cases the ground cloud would travel away from land. Details of the
GCA study are presented in Appendix F.

6.2 ACOUSTICS
#.2,.1 Farfield Noise Analysis

Noize is created by the shear fuoies between the exhaust plume and ambient
alr. Empirically, it has been found that for large rocket motors, a maximum of
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six-tenths of 1 percent of the mechanical power is dissipated as sound. The
mechanical power 18 defined as the thrust times the exit gas velocity. To get
acoustic power, one simply multiplies mechanical power by acoustic efficiency

(0. 6 percent in our case). The overall sound power level (PWL) can be calculatedl
from:

{acoustic power)

PWL = 20 logm
watts

The overall sound pressure level (SPL) is further calculated from:
SPL = PWL -10 log;; A +10.5

where: A = the area (in. sq ft) through which the acoustic energy passes.
(On pad, A is that of a hemisphere. In flight, A is that of a sphere with a segment
cut off by intersection with the ground.)

PWL and SPL are dimensionless and are given the arbitrary unit of decibels.
The foregoing analysis is a simple approach to the farfield acoustics. No air or
ground attenuation i{s accounted for - nor is directivity.

The following figures (6-7 thru6-10) present the results of work performed
by Bolt, Beranek, and Newman Inc., under subcontract to Thiokol, This work
includes such effects as attenuation and directivity. Resulte for both near and
farfield are included.

The noise from the Space Shuttle will be no worse than from previous

Saturn V launches. Safety precautions should be similar to those for the Saturn

firings.

6.2.2 Nearfield Noise
Prediction of nearfield noise is explained in Cradall's text "Random Vibrations."
Under subcontract to Thiokol, Bolt Beranek and Newman inc. have calculated

the acoustic environment on erew and cargo compartments. Thiokol completed the

analysis by calculating the acoustic environment on the aft end of the orbiter.

No critical problem should be encountered. Structures can be adequately
designed to withstand these acoustic loads.

The final report received ffom Bolt Beranek and Newman Inc. 18 contained

in Appendix F and presents details of their analyses which have been summarized
in the preceding paragraphs,
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7.0 MANRATING OF THE S8RM STAGI

Manrating for any system involves two browud considerations: the relinhility
of nll hardware cssentinl for mission succoss, and the gafoty of the erew In the
cvent that mission success 18 no longer possible. By definition, of courae, migslon
success includes safe return of the erew, SRM Stage reliability 1s discussed in 7, 1.
SRM Stage erow safoty provisions arc discusaed in 7,2,

7.1 RELIABILITY

As indicated above, manrating requires knowledge of the systom failurc
modes and probabilities (reliability) and only then can the need be evaluaied for
cither (1) reducing specific fatlure probability to assurce mission success, and/or
(2} introducing hardwarce designed cxclusively to protect the crew,

A failure modes and cffects analysis has becn conducted for the baseline
156 in. rocket motor stage (parallel burn) and add-on variations. 'The variations
include thrust termination (T'T), thrust veector control (T'VC) and malfunction
doteetion system (MDS). Subscquently, predicted failure rates are based upon
related past experience with specific materials and component configurations in
military application S’RM's, 'Thesc somewhat basic rates for component types
were altered after review of past and potential faflure types, significant differences
in application, and identification of a method for control of each fatlure. The test,
successes and failures for Stage I Minuteman and Poseidon, arc summarized in this
scetion. Special reliability oriented features of the SRM for Space Shuttic follow.

7.1.1 Design
1, Redundant TVC power and hydraulic systems.
2. Redundant TVC eleetrical control systems.

3. Redundant initiators for ordnance items with 1 w,
1 amp, no-fire provisions.

4. All components arce established state~of-the-art
designs.

5. Inerecased safety factors.
@, 1.2 hydrotest proof pressure over MEODR,

b. 1.4 ultimate strength on casc aft skirt
structure, and nozzle structure.

¢. 2,0 (thickness) for nozzle ablative material.
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d. 2.0 (thickness) for casc insulation,
0. 1,0 nltimate strongth {interatage structure,
7.1.2 Manmufacturing
Addod quality assurance practices,

1. 100 percent inspection of signifleant design
characteristics (no sampling).

2, Manncd flight awarceness promotion program
and hardwarc identification (uniquc symbology
for SRM acceptance stamps, paper and hardware).

3. Morc rigorous requircments for certification of
tooling, processes, and personncl.

7.1.3 Testing
1. Proof test above MEQP.

2. Envirormental testing for production qualification
of all hardware.

The data from appropriate portions of Minuteman, Poszidon, and Genic
production motors were used to provide a reliability estimate for their counter-
part on the 156 in. SRM. A summary by major components provides an impressive
cumulative experience record. Stage I Minuteman motors provide an excellent data
base because of (1) the large number of motors tested; and (2) the case, propellant,
liner and flap insulator are of the same materinls as will be used in the sShuttle
SIRM Stage. The combined experience of Poseidon Stages I and 1I provides o com-~
parable data hasc for the submerged, ablative insulator nozzle, The 8 & A,
Pyrogen igniter ignition systom, common to Minuteman and Poscidon motors and
many other SRM's has never failed to function. The SRM Pyrogen igniter propellant,
TP~111016, is used in the Stage I Minuteman motor. The experience drawn upon
here is limited to those data of which the Wasatch Division of Thiokol has had first-
hand knowledge, and can thus vouch for its accuracy.

To provide a frame of reference for viewing and judging the credibility of
the reliability assessment of the SRM, the failures of Thiokol fumished components
of the Stage I Minuteman are summarized. The motor has a tapered thread, screw-
on aft closure with four nozzles, gimbaled forward of the throat. The nonredundant
flight control system was provided by another contractor. The static and flight test
propulsion failures have occurred on cariier configurations. No propulsion failures
have occurred in the current configuration, Wing VI (RIP) in production since 1965.
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The falluros of theso enrlior veraions fall into the following groups,

1. Burnthrough at the aplitline (nt the gimbal jointy of
the nozzle (4).  The Shuttle SRM Stage hag no aplit-
line or similnr dscontinuity to disturb gas flow
through the nozzle,

2. Al closure insulation ¢jection or hurnthrough (5).
‘The four port closure required nonsymmetriceat
insulation design to nccommaodate the gas exposure
times ad veloeity proadients.

3. Alt casc burnthrough (1), Several carly cases utilized
lightweight aft case insulation. A subscyuent change
to heavicr insulation eliminated the marginal per-
formance and there have been no subscequent failures,

The most relevant experience in terms of materials and design are reviewod
for the major SM components,

7.1.4 Ipnition

Thiokol serves as the principal contractor for the 8 & A devico used on all
three stages of the Minuteman, While the benceh tests for acceptance and recycle
have revealed nonspecification performance resulting in rejeetion for rework,
acecepted 8 & A's have neither failed to fire on command nor failed by firing wihen
not commanded, Similarly, although the Pyrogen igniter has in afow rarce instances
performed outside specification imits for mass discharge rate, a production
Py+=ogen igniter has never failed to ignite the motor grain or contributed to motor
overpressuIv,

Item Toests I'ailures
S&A
Stages 1, I, III Minuteman 2,106 0

Pyrogen Igniters

Stage I Minuteman 290 )
Poscidon Stage 1 94 0

Igniter Propellant
Stage | Minuteman 390 0

T=3




w -

7.1.6 Loaded Cnae

The DBAC metal case experionce with Stuge I Minuteman supports the SitM
caac materinl selection. It 8 recognized that oxeept for basie cylinder fabrication
techniques, thore 18 0 major difference in the mamuifacturc and assembly of the
case for the 166 in. SRM; in addition to being mueh larger, it is segmented,
Although thero will be spocific controls to assuire compliance with every unique
nspect of the 166 in, cnse, hydroproof test of each ense provides the final test for
assuring {ts rclinbility.

Hydrotest, as a production acceptance criterion for the DGAC ¢ases, has
been an unqualificd success, Tho Stage I Minuteman has never experieneed o
structural faflure of the motor case in a motor firing, ‘The more severe hydrotest
requirements for the 166 in, SRM, 1.2 over MEOP, will provide additionad relia-
bility assurance.

The TP-111011 propellant used in Stage @ Minuteman sinee program initiation
has never failed to perform. There have been o few rare excursions beyond specifi-

cation limits, but there have been no failures. The deviations were isolated to
firings following exposurc to environmental extrenios,

The Stage 1 Minuteman has never expericneed a failure attributed to the
U F-2121 liner, Similarly, the silica filled NBR insulator uscd in the forward and
aft case split flaps of the Stage I Minuteman has not experienced a fullure. The aft
case insulator failurce cited above was experienced in the molded aft case scgments
which will not be used in the 156 inch.

Jtem Tests Failures
Cage
Stage I Minuteman (1DGAC) 861 0
Propellant
sStage I Minuteman (1I'P-I111011) 860 0
Liner
Stage I Minuteman (1 1°=2121) God 0

Internal Insutation

sStage I Mimiteman 838 0

T4

»- i~ T

[




EL oW

7.1, 48 Nozze

The nearest equivalent oxporience in terma of configuration and materials
haa heen in the Posoldon Stages 1 and 1, ‘T'he Thiokaol deaigned Stage | nozzle has i
never exporienced oither marginal performanco or fatlure, Stage 1 experienced
0 nozzle failure, and the dealgm (responaibility of another eontractory wis modifled
to mateh the Btage 1 design, which preciudos gas flow behind the insulator,

TVC 18 provided via o flextble benring hetwooen the nozzle and the ense,  The
hearing 1e fabrieated from alternate luyors of rubbor and metal,  The metallic
snims e soctlons of gpheres, cach with difforent radil.  The stacked shitms In the
assembled hoaring flex nbout 1 common center,  The severe produet sceeptanee
functlonnl test, analogous o casce hydrotest, eliminates marginally performing
bearings.  Fach hearing is axally loaded, oxercised through a severe duty eycele,
and pressurized,  No Instanes of marginal performance or fallure has occurved in
the boearing production progrum.

Nozzle
Poacidon
Stage | N 0
Stage II 92 1
Flex BDearing 183 0

The redundancy provided by the TVC system design through two tandem
actuators, cach with redundant hydrawlic power, and hydraulic and cleetrical eon-
trol, provides an estimated reliability level comparable to other components in the
SRM. Without redunduncy, 1I'VC systems have characteristically been a limiting
item in reliability. The proposed hydraulic power and control design, used in the
Concorde SST for emergency flight control, provides for automatic switchover to
the backup system. The tandem type actuators are commonly used on large
airveraft. However, Thiokol has no comparable tirsthand expericnce in terms of
similarity of design and number of tests.

These basic SRM unique items provide a real supporting experlence base
for confidence in the reliabllity potential of 156 in. SRM. ‘The hardvoare not
deseribed above such as skirts, conc and interstage, arc cominon, though not
identical, to cither SRM oxr I.LRM, cxcept for the thrust termination and MDS.
Thrust termination and MDS do not, of course, contribute to mission success but
do suppoert crew safety. Thrust termination is routinely performed on upper stage
SRM's. Current applicable ‘Thiokol experience includes production of the Third
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stuge Mimtoman, The aix port, fiberglass dome mounted gysten I move comples
and exaeting in its simultancity and quality of the porting requivementsa thim with be
nocogaary for the 166 in, SEM,  No fallures of tho system have ocenrred on motor
teata or roliahility tosting.

Item Topts I'ntlurces

Thrust Tev ninnthon

Third Stagre Minutoman
(''hifokol cognizant only)

Motor Tosts 2). 0
Reliability 1'ests (2 port) 598 0
Lot Accoptance ‘Tests 20 0
ualification Fests 15 ]

A summary of the predieted rellability for the 156 in, SRM 18 shown in Table 7-1.
7.2 CREW SAFETY

A review of potential failures vs time has identified the need to provide the
loliowing types of information to the erew to permit better judgments vegarding
possible abandonment of the primary or lesser alternate missions. Combustion

chamber pressure sensors to:

1, DProvide assurance that 1ftoff thrust levels have
been achieved, before holddown releasc.

2. Indicate marginal thrust.
3. Indicnte critical thrust logs.

4, IxHeate unacceptable thrust difference between
motors,

'The principal modes of fatlure are shown on the fuilure modes analysis

record, These SRM modes are discussed from the viewpoint of their threat to the
mission and the possible methods of assuring crew safety,
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TABLE 7-1

PREDICTED RELIABILITY I'OR ONE SRM e N
AND ATTACH STRUCTURE

Reliability
T.oaded Case Assembly

3 Caso 0, 9998
Internal Insulation 0. 2998
5 Liner 0, 2998
! Propetlant 0. 9999

} Ignition Assembly
"\ ; Safe and Arm Meclianism 0, 9999
' 1 Pyrogen Igniter 0.9999

Nozzle Assembly
= Nozzle Strueturc 0.9998
BASIC MOTOR 3. HI89

Thrust Vector Assembly

Flexible Bearing 0. 9998
Thrust Vector Control 0. 9999
MOTOR WITH TVC 0. 998G
i Supporting Structural Hardware and
f Auxiliary Systems l
i Attach Structure 0. 99990
, ‘ Forward Skirt and Nose Conc 0, 99995
— { Aft Skirt . 99995
;- : itlectrical, Power and Distribution 0. 99990
Thrust Termination System 0. 99900
i
: MOTOR WITH TVC AND ATTACH STRUCTURE 0, HDR2
l 7"7




7.2.1 TFailure Modes
7.2.1.1 Chamber Burnthrough

Failure may result when the insulator and/or chamber wall are exposed
prematurely. Pren:ature exposure results from a structural faflure in the propel-
lant or propellant/lines. The simplicity of the grain design, that is center perforate
with generous stress relief flaps, greatly reduces the probability of a gencrative
fatlure of the propellant/liner. The potential for grain failure is discussed more
fully under overpressurization. The installation of an adequate burnthrough sensor
system would require 100 percent coverage of case bonded portions of the internal
insulator. A study report by General Tire and Rubber Company, R & D Center,
Report No. 550, dated January 1967, indicates that the operations necessary to
obtain the tolerances for laminar layup of the sensor grids in the insulation will
increase the cost of fabrication by at least 20¢ percent. Becausc the sensor must
be so extensive and involves so many junctures, i.e., at each preformed insulator
segment, it is vulnerable to failure via initiation of a false signal. Although these
risks have not heen analytically evaluated to determine the incremental increase
in crew safety obtainable from a burnthrough sensor system, it is believed that via
overdesign and the application of specific, exacting operations controls and quality
assurance methods of the type that would be absolutely necessary with the installation
of the sensor system, safety of the crew will be best assured. Thus, Thiokol will
invest the equivalent extra resources into assuring the inherent reliability and
quality of the insulator installation, transportation, handling, and preassembly
inspection,

7.2.1.2 Overpressurization

This propellant related failure mode has an extremely low probability of
occurrence, This is particularly true for larger motors as the sensitivity to in-
crease in grain surface area exposurc decreases with increased motor size.
Failure viz overpressurization has never occurred in Thiokol motors 60 in. in
diameter or larger. Examination of the SRM grain reveals a basis for even greater
assurance that overpressurization will not occur. The basis for overpressuriza-~
tion can be examined from two circumstances.

1. An initially large crack, separation, etc, to provide
the additional propecllant surface area necessary for
case rupture.

2. Alesscr crack, separation, ete, which propagates
to sufficient area to cause case rupture.

The additional grain surface area necessary to cause the first circum~
stance needs to be in the order of 145,000sqin. at T + 0.5 sec and 120,000 sq in,
at Pyaxs approximately 44,2 sec.  To further illustrate the cnormous stze of such

e
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a grain defect, complete unbonding of one segment at ignition would only result
in P, max c. 1,290 psia. The point is that such defects could not escape routine
visual inspection, and of coursc, the grain will also be inspected by NDT methods,

A grain surface flaw such as a sharp bottomed scratch or crack in TP-H1011

propellant will not propagate during burning time. There are several contributing
reasons,

1. The static gas forces acting upon the viscoelastic
grain, i.e., surface pressure, closes rather than
opens grain surf-ce fractures, thus reducing the
stress concentration effects around the defect.
Gas flow effects at the grain surface are erosive.

2, The grain loading effects, because of case expansion
at ignition, are less with steel than with glass cases.

3. The smooth CP core cavity reduces the grain surface
stress approximately 8 percent under those stresses
resulting from a star section cavity.

As cited in the discussion of the case, the reliability inherent to the grain
design (materials, configuration and safety factor), and the added assurance pro-

vided by process controls and testing, eliminates the need for special crew safety
provisions.

A related fact, bt incidental under the circumstances, is the available
warning time for either case rupture (for case weaknesses) or overpressurization
(for non-case related weaknesses). The available warning time for failure by
overpressurization could be as low as 20 msec which is not sufficient for automatic
verification and response by the MDS. Warning time in the order of 0.25 sec is
required for the MDS. Ballistic anomalies pose a more realistic threat. These
may result from variation in propellant burning rate or cxposure, which results in
thrust imbalance between the SRM's., A shuttle sy.item attitude rate sensor with
automatic provisions for SRM's termination will probably be necessary for several
other potential flight control system faflures, This emergency system would also
fulfill erew safety nceds for SRM~created intolerable turning moments,

7.2.1.3 Thrust Loss
A decay tn theust from one SRM could resuit from:
1. Throat cjection,
2. Nozzle ejection,

3. Burnthrough.
7-9

*




In the parallel configuration, the effects of thruat decay would become
evident as a sustalned uncommanded thrust vector correction and a chamber pres-
sure decay. If the uncorrectable portion of the thrust vector resulted in attitude
rate change exceeding the orbiter system sensor limit, a thrust termination com-
mand would be Initiated for both SRM's. The consequences of the loss of thrust,
from the above cited causes, is a function of the time until motor burnout. A
review of nozzle failures, in the early history of Minuteman nozzles (a gimbal sec~
tion near the throat), reveals that nozzle failure occurred late in motor action time,
Because the mission effects of thrust loss are less severe, the later the occurrence,
the greater threat the overturning moment becomes to the probability of continuing
the mission. The benefits of sensors designed to detect the specific canses of the
gross symptom are not obvious, However, because chamber pressure correlates
directly with thrust, sensors designed to relay the state and direction of chamber
pressure would be useful. A contimious range pressure indicator showing dis-
crete pressures and rate change, rather than a limit type activating a panet light,
would provide potentially more useful information. However, a single panel display,
indicating differential chamber pressure (parallel burn), may be more reasonable in
terms of providing meaningful information to the crew. The differential pressure
need not be tailored to the pressure time envelope. And, the one instrument is
meaningful through SRM propulsion, Significant differences in thrust because of
no thrust, excessive, or insufficient thrust become significant first in terms of
flight control rather than total mission thrust. Three sensors per SRM with a
majority vote requirement for each SRM output will increase the reliability of the
MDS.

Summary crew safety recommendation for the SRM's follow.

1. A three sensor majority vote analog output from
each SRM.

2, A crew display, differential pressure indicator
receiving pressure inputs from each SRM.

7.3 PRELIMINARY FAILURE MODE ANALYSES
A faflure mode analysis has been conducted for each component and add-on

item of the baseline SRM. These preliminary analyses are concerned only with the
major functional characteristics, not the as-yet-undefined internal workings of the
components or assemblies, Listed below are the componentz and add-on items for
the baseline 156 in. SRM for which prelimirary analyses have beea conducted.

1, Case (segmented DEAC steel).

2. Internal Insulaticn,

3. Liner.

7-10
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4, Propellant (TP-H1011).

5. 8 & A Device.
6. Pyrogen.
7. Thrust Termination System, *
8. Nozzle {fixed).
' 9. TVC System.*

10, Flex Bearing.*

11. Attach Structure.

12, Forward Skirt and Nose Cone,

13.  Aft Skirt.

14, Electrical, power and distribution system,

The preliminary analysis charts contain eight columns, all of which are

utilized with the intent of presenting a comprehensive record of the analysis.

Following are descriptions of each column in the failure mode charts,

Column 1, entitled '"Component, " identifies the component or agsembly to
be analyzed.

Column 2, entitled "'Function, " describes the purpose and special actions
of the particular component or assembly,

Column 3, entitled "Component Faflure Mode and Reasons for Component
Failure, " states the anticipated characterisiic failure modes and enumerates
i reasons for their respective occurrences.

Column 4, entitled "Influence on System, "' surmises the impact of the possible
failure with respect to the entire Space Shuttle vehicle,

; Column 5, entitled "Component Failure Rate, ' predicts the faflure rate of
' the component or assembly.

Column 6, entitled '"Effect on System, ' assesses the degree of debility of
the Space Shuttle vehicle with respect to the faflure mode of the component or assembly.

1 *Add-on components for baseline SRM.

‘ 7-11




Column 7, entitled "Reliability," cites the effective reliability of the com- :
ponent or assembly and is one minus the product of Column 5 and Column 6. -

Column 8, entitled "Control Methods," specifies fabrication, inspection and \
test methods to assure failure occurrence probability not in excess of the rates cited
in Column 5. A method is cited for each potential reason for component failure.

7-12
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8,0 HYSTEM SAFETY ANA

A preliminary ayatem safety analysia haa led to the devolopmont of snfety
requirements for the design, transportation and handling, assembly, proflight cheek-
out, flight, and rocovery of the SRM stage. Each safoty requiremant was developod
to cope with an identified potential hazard to poraonnol and equipmoent. Tho saloty
requirements cited in the Operating Safoty Analysis (Tuble 8-1) encompaga: pro-
ceduros, vquipmont, regulations, training, testing, identifiention, design sntely
margine, preventive maintenanco, ete, This preliminary anatysis record wlll he
oxpanded and updated as continuing subsequent analyses roveal additional require-
ments. As described in the System Safoty Plan, safety roquirements are trans-
mittod to the personnel who will fulfill the requirement and to the Preduct Assuranco
Program Manager who must assure their fulfillinent.

The content of Table 8-1, by column, is describod below.

1. Operation--The program operation to be analyzed in
concise torms,

2. Task Description--Each task, step, cvent, and function
of the operation described in sequenco of occurrence
(subsequent analysis will describe the task to the
lowest level of detail necessary to analyze the hazards
assoctated with the operation).

3. Criteria Facts--All known criteria concerning the
operation and equipment which might aifect safety;
such as: energy flow, sources, and levels including
pressure, voltage, and current; propellant weight
and content; radar frequencies and energ. lovels, etc.

4, Hazards Undeairable Event--All actual or notential
hazards to personnel or equipment for each task/
operation (if a human error or equipment failure is
poseible, it i8 assumed to occur for analysis purposes).

6. Hazurd Class-~-All hazards classified per the categories
cited in para 3.2 of Safety Program Directive No. 1,
Rev A (Cli+s 1 is the equivalent of Category a).

6. Safety Requirements-~Requirements in terme of pro~

cedures, processes, material, or equipment necessary
to reduce or eliminate the identified hazard.
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7. Justification-~-Supporting justification for the require-
menta, such as data calculations, standards, specificn-
tions, federal and state laws and codea, ete.

As Indicated in the System Safety Program Plan, tradeoff studies will be
conductod to evaluate the safoty aspects of configurations and operational modes.,
The only malfunction warning device requirement identified thus far is the differen-
tial chamber pressure indicator for the parallel burn configuration. The hasis for
this device is deseribed in the manrating section., The orbiter turning rato sensors
also provide intelligence on the extremely time critical attitude rate change resulting
from thrust differences or thrust vector malfunctions.

A gross hazard analysis thus far indicates that launch under environmental
conditions acceptable from purely operational considerations presents no unucceptable
hazard. The analysis is based on the baseline 166 in. SRM stage and the add-on varia-
tions for parallel burn. Most of the technology to be utilized has been demonstrated on
previous programs., Therefore, only the hazards associated with the as yet unproven
factors require major attention. One major difference is that the system is manrated
and of necessity will require increased safety factors, added Quality Assurance, added
testing and design redundancy on critical electrical, hydraulic and ordnance systems.

8.1 ENVIRONMENTAL CONSIDERATIONS

In the parallel mode, two 156 in. diameter SRM's are mounted symmetrically
on the side of the orbiter propellant tank. The bocster motors and orbiter engines
fire simultaneously. Each SRM contains 1.2 million b of solid propellant whose
exhaust products contain CO, CO,, HCI, H_ O, H, and N in gagseous form, and

2 2 2
A1203 in solid form.

Thiokol contracted with GCA Corporation to define the environmental cifects
of the SRM exhaust gases. Bolt Beranek and Newman, Ine, were also contracted
to perform acoustic analyses of the farfield nolse generated by the combined shuttlo
motors. Both companies arc recognized experts in their fields, The study results
from cach company indicato that the environmental effects from launch or abort,
in weather acceptable for launching, present no hazard. For the meteorclogical
regimes considered and using the NASA developed models, ground level and stabilizod
cloud concentrations are well below maximum allowable levels. All furficld
acoustic levels are well within acceptable endurance limits. The noise genevated
by the Space Shuttle is no worse than that of other large rocket motors.

The only possible environmental hazard posed by the rocket engine emissions
is the tropospheric washout of HC1 by precipitation and this phenomenon occurs
only If the vehicle is cither launched during rain showers or if such showers occur
along the firat 100 kilometers of the downwind trajectory of the elevated ground
cloud of the exhaust products. If this trajectory is over water rather than land,
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the harmful effecta nre minimized. For overland trajectorles tho possible harmiul
offoets of acid rain on vegetation and other receptors should he earefully cvaluated,
Soetion 6.0 of this raport contains & comploete discussion of the environmential effoets
of the S8RM nso in the Spacce Shutile program.

8.2 PROPELLANTS

The relinbility of both propellants that will be usod in the SRM have been proven
in long torm production missiles. Tho SRM Pyrogen igniter propellant is TP-111016
which ig currently used in the Minuteman Stage I Pyrogen igniter. The translation
separation rocket propellant, TP-H1078, i{s uecd in the Genle motor. The SRM casc
propellant, TP-H1011, is used in the First Stage Minuteman motor. During the
past 14 years, several thousand of these motors have been built, stored, transported
and tested, Noncof the propellants cited have ever fafled to perform nor have they
over ignited prematurely in the loaded motor configurution. These propella.ts are
probably as well doeveloped, tested, and proven as any in the solid propellant industry.
The military classification for these propellants is Class II (Fire Hazard) and the
Dopartment of Transportation classifies them as Type B.

8.3 LEXPLOSIVE DEVICES

Thrust termination of the SRM's will be used in the abort mode. By opening
up vent ports in the head end of the SRM, its forward thrust can be immediately
terminated. This i8 accomplished by a signal to a safe and arm device which in turn
ignites dual clectro-explosive devices (EED), a mild detonating cord and finally a
lincar shaped charge (LLSC}. The EED, detonating cord and LSC are all Class 7
explosives and must be handled with extreme carc. Thiokol's experience with a
gimilar thrust termination (I'T) system on Third Stage Minuteman provides a
good background in this area. Extensive reliability testing has been accomplished
on this TT system and it has performed without failure in over 650 tosts.

To agsure ignition, the T'I' system will be provided with redundant initiators
and clectrical systems.

In the event that a destruct system is used for the SRM it would also use the
ordnance items utilizod in the T'T system. The major difference being that the LSC
would be instalicd down the entire length of the case in cach raceway.

8.4 ISOLATION OF ENERGY SOURCES
T'he three energy sources that must be electrically and pyrotechnically isolated
on the SRM are: (1) propellant (Pyrogen igniter, transiation separation rocket and SRM

grain), (2) TT system, and (3) destruct system, if used.

All of the above energy sources are isolated using the Thiokol developed 8 & A
dovice, The 8 & A device provides and maintaina an ignition safo attitude on cither
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mochanieal or oleetrieal command, tpon electriend command to the arm and thence
t0 tha fire position, 1t transmits pyrotechnic cnergy to tho enorgy source.

During the past decado, this 8§ & A dovice has hean used with complele succens
on all three stages of the Minuteman missile, as well as Posoidon and other missile
systems. To this date, the 8 & A device has novor failed to fire on command or
falled by firing when not commanded,

In addition to the enorgy sources described above, the varlous eloctrienl
distribution systoms controlling ordnance and guidance systems on tho missilo must
bo isolated. This will be accomplished through proper design, inspoction, and
tosting.

8.5 COMPATIBILITY OF MATERIALS

All materials utilized in fabrication of the SRM's are compatible. These
same matorials have been uged for many years in the Minuteman and Genic programs,
both long term production missiles.

8.6 EFFECTS OF TRANSIENT CURRENT AND RADIO FREQUENCY ENERGY
All electrical systems will be designed with the necessary shielding featurcs

to protect against any tra-sient current and RF energy. The § & A device that will
he used on all ordnance items has undorgone cxtensive testing in this regard.
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5.3 GRGULG SUPPORT
EQUAPIMENT
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9,0 GROUND SUPPORT EQUIPMENT (GSE)
9,1 INTRODUCTION

Thiokol Chemijenl Corporation will provide the necessary personnel, facilitios,
and eguipment to conduct a eomplete Ground Support Equipment (GSE} program in
support of the SRM Stage, GSE definition, design, fabrication, verificatfon, usc
maintenanee will be included ag o part of this program, An initial cffort has bheon
conducted Lo identify items of GSE required to support the SRM Stage, with prime
offort direeted toward the 156-in, diameter SRM parailel burn configuration,

The bascline 156-in, diameter SRM Stagoe parallel burn configuration consists of
two SRM's,cach with a case of three center segments, a forward and aft closure,
fixed nozele, igniter, aft skirt extension, nose cone, safe and arm device, raceway
and associnted cabling, In addition to the two SIEM's the SRM Stage includes an
interstage strueture which provides the interface between the SRM Stage and the
Space Shuttle,  Alternate configurations to the 166~in, diameter parallel burn
baseline include the following subsystems,

1. Thrust Termination

2, Thrust Vector Control (TVC)

3. Malfunction Detection System (MDS)
4, Flight Instrumentation System

5, Separation Motors

6. Destruct System

7. Recovery System

These additions to the bascline have been considered separately and the required
GSE has been defined to support these subsystems.,

Secondary to thiz effort, definition of GS8E needed to support i 156~in,
diameter SRM serics configuration, an SRM Stage consisting of parallel 120-in,
diameter SRM's and an SRM Stage using a 260~in, diameter series SRM was
congidered. A Systems Requirements Analysis (SRA) was used us the thol to
jdentily GSE configuration items, design requirements and quantitics required to
support the SRM Stage. Use of the SRA has provided an orderly development of the
GSE requiremoents. &

Trangportation and handling of the various components of the SRM Stage
reguires speeint equipment, due to the size and shape of some of the components,
The modes of trangportation considered for handling the large case segments
jneluded adr, railroad and highway, For the 260-in, diameter S8RM, water
transportation was studied,
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Tradeoff studios indicato that rail transpertation of the 156-in, dinmaeter
SRM sogments ia the most fersible method to move the segments from the
Thiokol/Waaatch Division facilities to tho Kennedy Space Center (KS8C). A
minimum of GSE will ho needed for thia mode of transportation, Btudies indicutlo
there 18 no requirement for lemperature conditioning or humidity control during
transport, The cxisting railrond at the KSC will be used for transportation at the
launch site. Overhead cranes with lifting capabilities of 200 tons will be provided
ot the vartous points of on and off loading of the railcars, A pneumatic handling
harness was sclected to interface with the SRM segments and the 200-ton cranes
to provide a combination which will handle the SRM segments in the fastest, most
cconomical way.

All components coming from vendors directly to the KSC will be packaged
for shipment by the vendor and shipped via common carrier. The components
coming from the vendor and those from the Thiokol/Wasatch Division will be
assembled to the maximum extent possible, considering transportation limitations,
to keep assembly at the KSC to a minimum. Subassembly of the SRM components
at the KSC will be accomplished at a new Recelving, Inspection, Storage, Subassembly
(R1S8) building to be constructed near the Vehicle Agsembly Building (VAB)., These
components will be assembled to the maximum extent possible, considering equip-
ment checkout reguirements, inspection requirements, transportation handling and
SRM assembly requirements, and cost considerations, before transportation to
the VADB,

Amsembly of the SRM Stage in the VAB will be accomplished in a minimum
time using a minimum quantity of GSE considering the following factors,
1. Safety
2, Human Engineering
3. Reliability
4, Avalilable Facilities
5, Manpower
6., Launch Rate
7. Cost
8, Maintenance
Quick connect/disconncet philosophy has been used throughout for operations

performed in the VAB, Handling, assembly and checkout requirements have been
kept to a minimum,

Special test and cheekout equipment will be used to perform tests required
io insure reliability of the various SRM components. Equipment tests and check~
outs will be performed on the SRM Stage in the RISS huilding vn all assembled
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test the vierions SRM contigurations,  Thiokel's cxpecionce in the 106 in, diameter
programa hne beon uged in the Identifiention of GBE required to support the SiM
Stage in the Spaca Shuttle Program,

The feasibility of lnrge solid propoellant rouket motors = 100 throngh 260 in,
dinmoeter ~ has heen demonstrnted in o sories of demonstration programs funded
hy the Atr Foree and National Acronsutles and Spiee Administeition,  Suceersiul
atadde tosts of motors incorporating toechnology advancements were ¢ondaeted by
Thiokol Chemieal Corporation, Lockheed Propulsion Company, Acvrojet-Genernd
Corporation, and United Technology Center botween 1964 and 1968, Purthor
effort, ospeeinlly dirceted st lowering costs of components, demonstrating new
nozzles, and improving case and nozzle fabrication technigues, nias been complotod
in the years sinee that time,

A totzl of 10 motors was built and statie tested to demonstrate 156 in,
diameter motor teehnology.

Sogmented 120 in, motors have been ugad a8 zervo stage bousters for the
Titan TIC vehicle sinee dune 1965, when the first flight was launched, Onc of the
most successful of all space programs, the Titan IIIC, was launched 17 times
without a failure in the R & 1} phase,

The Titan I11C, part of the program managed by the Air Force Systems
Command's then Space Systcms Division (BAMSO0),is the stundard military heavy
dut, launch vehicle, It consists of u three stage common core vehicle with two
live-segmoent solid propellant booster motors as the zero stage, The solid
hovsters have a conibined Hftoff thrust of 2,4 million lb,

Work also was accomplished under the Titan II/M (MOL) Program toward
qualification of the seven=scgment configuration of 120 in, motors,

Three 260 in. motors bave been demonstrated by Aerojet-General
Jorporation, All used fixed nozzles, none with TVC, and all were ignited from
the aft end,

Transportation of the 166 in, diameter SRM's has been demonstrated in
both highway and rail transport modes, Mockups of 1566 in. dinmeter scgmoents
hinve been transported by rail to various points throughout the country, The
segments were supported in chocks and tiedowns in the same manner proposcd
for transporting the Space Shuttle SRM's,

The 166 in, diameter segments have been handled with Pneuma-Grip handling
devicos by Lockheed Propulsion Company.  The 120 in, dlameter segments have
heen handled by Pnouma=Grip handling devices in the Titan Program.
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I'eahniques uaed by Thiokol in the wgaembly of thoe 166 in. fensibility motors
have been usod to ndvintage In the identification of cquipment und perponne
reguiroments in tho Spaee Shuttde Program,

9,2, 5,70 Desdgn Critovin

A prelimnary Systoms Roquirements Annlysls wad conducted to ddentily
the design requirements for Q8K in accordimee with the procedures of AFBCM 3745-0,
"Syatems Fngineoring Manggemoent Procoedures” for expedience in preparation,
It is recogpized that futuro contrnets may require use of NASA documentation,

The unalysis identifies, to the maxlmum extent possible, the most practiceal
and ceonomic combination of G8E, facilitios, personnel and technieal datn that
best satisfy the system and design requiremonts, Where various solutions were
avidlable to solve n design requirement, tradeoff studies were conducted, widin
the seopo of the contract, or provious expoerience was used to insure that the most,
practieal solution was utilized to satisly all requirements,  'The analytical approach
emphis 1708 the philosophy of @ minimal quantity of GSE to accomplish multiple
tnsks,

GSE, as presented in this study, was designed to satisfy all the require-
mants of the Operational Systems Analysis contained in Volume II, Appendix A,
of this report.

in addition, the analysis has established it basis for a preliminary summary
of fucilitics, manpower quantities and skilis, and procedural data required to
support the SRM Stage from manufacture through recovery,

9.2,1,4 GSE Design Criterin

The design parameters are predicated on fulfilling the systom regquivements
al the lowost system cost without suerificing safely considerations.  Eguipment
design parameters in cach major GSE category are presonted an the following
paragraphs,

The general approach to GSE design was to follow the experience gained
in provious Thiokol conducted USATF and NASA funded large rocket motor programs.
No design improvements or Yconvonience! design chinges have been consldered,
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Trangporiation Fyuipmaent
P ramaportation oquipment wid soleeted on the following larin:

1, Rail tranaport will he tho primary maode of frans-
portation from Thiokol to KSC,  Clearimee has heen
male for ahipment of sogmonts in necordinee with
Figure -1 from ‘T'hiokol to KSC.

2. llighway transportation will be used for movement
from Thiokol's Wasateh fneility to the railbend and
for movemoent within KSC from the RISS building to
the VAB, 'The rowdway from the RISS huilding to
VAB at KSC will be designed to withstand the weight
of the transporter loaded with o 325, 000 1b segment.
The total welght of segment and transporter will he
approximately 400, 000 1b.

All transportation equipment will be designed m accordance with MII-M-8090
and AFSCM 80-6 or appropriate NASA specifications as applicable.

landling and Assembly Equipment

Handlng cquipment will be required for all phases of SRM Stage transportation
and assembly. Assembly equipment will be reguired at the RISS building and at the
VAR,

All handling and assembly equipment will be designed in accordance with
appropriate configuration item specifications. A1l lifting equipment wiil be designed
to a load factor of three based on ultimate and shall be load tested to 1.5 times the
expected operating load.

Teat and Cheekout Equipment

Taest and checkout equipment will be used to test the various ordnance items,
charge and test the batterics, perform continuity tests on all eabling and perform .
final clectrical system checkout when the SRM Stage iz fully assembled.

Design of the test cquipment will be in accordance with applicable NASA
spoeifications.  Special consideration will be given to environmental conditions which
the cquipment wil! sce and electromagnetic interference (EMI) hoth from radiation
and suscoeptibility standpoints.
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Destgn Vertfieation

Verifieation teats will he performaed in accordinee with 6,2 of the General
Teat Plan for the Soldd Rocket Motor (S8RM) Stage contained in Volume I of this
report.  These tests will include verification of the test and checkout equiprent,
proof load tests on all lifting and handling cquipment, and demongtration tests on
all equipment.
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#.2,1.5 BHpecinl Considerations

X ' The following speeinl conalderations will apply to tho dealgn of onch item of
{ GSE-

Malintainability
Maintainability will be considered in the design of each item of GSE In necord-

! ance with thoe roguirements of MIL-8TD-470 or applicablc NASA apocifications aa
roquired.

Maintainability of GSE will be insured through the implementation of an offective
maintainability program. The maintainability program will contain but not be limited
to the following, '

¥ 1. Maintainability program plan
2. Maintenance analysis of applicable items of GSE

3. Inputs to the detailed maintenance concepts and
detailed malntenance plan

4. Establishment of maintainability design criteria
5. Performance of design tradeoffs

6. Prediction of maintainability parameter values

T. Incorporation and enforcement of maintainability
requirements in design syecifications

8. Participation in design reviews

' 9. Establishment of a data collection, analysis and
corrective action system

10. Demonstration of the achievement of maintainability
requirements in accordance with MIL-8TD-471,
a8 required

11. Preparation of maintainability statua reports
Human Enginecring Critoeria
The design of cach item of GSE will be considered ©  nccuidance with

MIL-1i-468565 or appropriate NASA specifications for impact on human engineering
roquirements. Hwman englneering will include the following.
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Equipmont Detail Dasign

During tho dotail doatgn of equipmont, the human onginoering lmputs, made
in complianco with the syatem engineering annlysis roguirements as woll as other
appropriate human ongincering inputs, will bo convoerted into dotnil oquipmont dosign
foatures. Design of tho equipmont will meet the applicablo eriteria of MIL~STI-472
or other human engineoring critoria specified by the contract, Human engineoring

personnel shall participate in design reviews of equipmont end items to ho operatod
or maintained by man,

Human engineering principles and criteria will be applicd, during detail design,
to equipment drawings, such as panel layout drawings, overall layout drawings, controls
snd other drawings dopicting equipment important to system operation and maintenanco
by human operators, to assure that the aquipment can be efficiently, roliubly, and
safely operated and maintained.

9.2,2 Major Assumptions

With the limited data available the following basic assumptions werc made on
which the operational analysis is based.

1. The integrated Space Shuttle system orbiter, or
ground power will furnish all required excitation and:
stimuli to perform a complete functional check of the
TVC system after SRM Space Shuttle integration if a TVC
system is used,

2. Ordnance unit checkout after Space Shuttle vehicle
integration will be limited to monitoring to asgure
safe or arm condition and connector mating integrity.

3. Ordnance safe and arm devices will not be installed
until after the SRM Stage/Space Shuttle combined
system tests. Simulators will be used to this point.

4. Chockout of the SRM before integration with the Space
Shuttle will be accomplished to the maximum extent
possible to preclude & teardown due to anomalies found
during SRM Stage/Space Shuttle combined system tests.

5. A low pressure test of the assembled SRM will be
required to check for leaks in the various joints,
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7.

8.

9,

10.

11.

12.

P

16.
17,

18,

The support basce on which the SRM Stage s nssomblod
will have capability for 3RM vertical aligniaent.

The support base will be provided by NASA.

Maximum assembly of SRM Stage components

will be accomplished prior to transfer to the Vaertleal
Agsembly Building (VAR) for SRM buildup, o far as
practical.

The VAB will be uscd for asgembly of the Space Shuttic
vehicle, '

All components coming from vendors directly to KSC
will be packaged for shipment by the vendor and shipped
via common carrier.

A railroad extension will be provided from the existing
railroad to a building (RISS building) to be built near the
Space Shuttle Vehicle Assembly Building.

A roadway which will handle approximately 400,000 lb
loads will be built from the new RISS huilding to ihe
Space Shuttle Vehicle Agssembly Building.

Thrust termination, command destruct, TVC, stago
separation rockets, and recovery capability may be
required,

On pad maintenance will consist of removal and installa-
tion of modules or subassemblies,

Proventive and corrective maintenance will be performeod
at the launch site on all iteme of GSE.,

Crane services during SRM buildup will be provided
by NASA.

SRM Stage buildup during GTM and FTM operations will
require a minimum of nine days.

SRM Stage buildup during production operations will
be accomplished in three days.
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19. ‘T'hiokol's responsibllity for the SRM Stage ends upc .
completion of SRM Stage assembly prior to Integreang
the Space Shuttle to the SRM Stage. However, Tiokol
will ba responsible for that portion of the {inal teatl
and checkout that pertains to the SRM Stage.

20, ‘Transportation of SRM segmeonts {from Thiokol's
Wasdateh Division to KSC will be by highway and rail.
Sizo and weight Umitations (see Figure 9-2) restrict
transportation to the limited highway and rail modes.

It is recognized that complete substantiation or corrections to the agsumptions
can only occur following furthor system definition and indepth tradeoff studios.
The SRA documentation used for the GSE definition (Volume II, Appendix A) includes:
¥unctional Flow Diagrams (FFD's)

FFD's developed include top level FFD's with subflows to the level required
to propoerly define a reasonable development of design requirements and criteria.

System Functional Analysis
Requirement Allocation Sheets (RAS's) were used to document the detailed
analysins. These sheets were prepared for each block of the FFD's involving SRM

Stage equipment and associated GSE design constraints. The RAS's identify design
requirements for the SRM Stage ground support equipment.
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0.3 SELECTION OF GROUND SUPPORT EQUIPMENT
9.3.1 GSE Selection Critoria

Using the System Roquirements Analysis (S8RA) and Military Standirds and
Spocifications idontified above, GSE was sclocted to support and perform all opoera-
tions roquired from the transportation of SRM segments and components from the
point of manufacture to the final tost and chockout of the assembled SRM Stage.
Kxperience gained in USAF and NASA 156 in. and 120 in, diametor SRM feasibility
programg was a great assot in sclecting the various items of GSE required to
support the Space Shuttle Program,

The SRA identlfled the requirements to perform cuch opuration. Kguipment
was then identified to fulfill the requirements. Consideration wis given to past

experience in the selection of transportation and handling equipment. Size and weight
restrictions limited the transportation modes of the vurious configurations in accord-

ance with Figure 2.

Wwith primary consideration given to the 156 in. diameter segmented motor,
rail transportation was sclceted as most feasible and economical. Transportation
of 120 in, diameter segmeonts by air or bighway is feasible but morce economic by

rail, Transportation by water is the only feagible mothod of moving 260 in. diameter

SRM's.

A Pneuma-Grip handling device was sclected to handle the SRM's segmoents
during transfer and assembly operations for ease of operation and to minimize
equipment costs.

Test and checkout equipment was chosen hased on performance of similav
functions performed in other solid propetlent programs such as the USAF Minute-
man and 156 in. and 120 in. diameter feasibility studies,

9.3.2 GSE Description (Baseline SRM)

Tho following items of GSE have heen identified to fulfill the requiremonts
fdentifiod in the SRA.

Electrical Leads
Electrical leads or grounding straps will be used in all handling and trans-

porting functions to insure safety by the prevention of electrical charge buildup
on the SRM segment's.

9-14
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Cano Stiffonora

Cage stiffonors are structural mombers thut fasten o the jolnts of the apen
onde of oach segment, Case stitfonors will be installed on the joints of cach segment,
after the segment has boon roundod and propeliant eant.  Thoe stificners will support.
the joint In ite rownd condition throughout all transportation and hindling funetions,
The stiffonors will only bo removod whon the degmont has heen hroken ovor Lo a
vortical position and 18 ready for assombly.

Tractor

The tractor 1s « special heavy duty prime mover with o fifth wheel coancetor,
The tractor will provide power to pull the semitrailer with the SRM segmonts aboard,

Safety and Arming Device Simulator

Safecy and arming simulators are dovices having all of the clectronic functions
of the live S & A devices but lacking the explosive charges., The S & A simulators are
used in the functional checkout of the SRM Stage to insure electrical continuity and
allow checkout of the SRM clectrical parameters.

SRM Leak Test Sct

The leak test set is used to insure integrity of the joints and component inter-
faces when the SRM has beon fully agsembled. The test set consists of a scal installed
in the nozzle throat. Various connections and lines will be installed in the scul to
pressurize and vent the SRM, as required. A console will be provided to registey
and monitor the pressura.

Work Platforms

Work platforms are stairs and eatwalks that provide access to the various
work stutions on the SRM segmoents and equipment.  Work platforms will be required
in the RISS building to provide access for inspection and subassembly operations.
Work platforms will also be required in the VAB for segmont broakover,

Semitrailer

The scmitrailer is a special heavy duty tratler with ticdown and support
provisions for supporting the SRM scgments during transportation. Tho somiteailor
will be used to transport the segmoents from Thiokol/Wasatch manutacturing aroa
to the railhead and from the RISS bullding to the VAB at KSC.




O-Ring Fabrication Tool

The O=ring fabrication tool cuts O-ring atock material to spocified dimunslon
and sceures tho cut ands while tho sealant cures, O-rings wikl ho fabrieated at KSC
for the jolnt seals,

Ordnance Teat Sat

''ho ordnanco test sot consists of clectronic componentys, gnges and wiring
housed in o consolo. All components aroe standard off ~the~shelf ftems of modulay
design to the greatest oxtont possible, The ordnancotest sot will be used to completoly
tost all ordnance units and associated cabling used on the SRM Stage. Tais will
include eyeling time, squib and motor resistance, continuity rosistance and hi-pot
leakage resistance, Test currenis will be fall-safe limited to provent inadvertent
firing of clectro~explosivo devicoes.

Pnouma-QGrip Lifting Device

The Pneuma-Grip lifting deviee is a spocially designed device that is placed
around the SRM segment and contains bladders which will be inflated to 50 psi. The
pressure of the bladder on the segment case 18 sufficient to support the segment
during all handling and assembly operations.

Breakover Stand

The breakover stund consists of structural supports that interface with the
trunnions on the lifting device. The stand also contains stairs and platforms that
provide access to the work arcas on the atand and on the segment. The breakover
stand is used to support the SRM segment while breaking the segment over from
the horizontal to the vertical position using an overhead erane and iifting davice,

Shipping Containers, S & A Devices

The shipping container is a standard AN reusable shipping container with
special packing to support and protect the 8 & A dovice. The containers will be used
to ship the S & A dovices from thelr point of manufacture to their installation point.

Storage Chocks

Storage chocks are structural members that iaterface with the OD of the caso
noear the joints or skirts. The chocks will support the regments while in storage.
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Ladder, Mose Cono

The noao cone laddoer 18 n special ladder that will {1t in the nose cone to provide
necoas to tho forward dome of the forwnrd segment to accompliah final assembly and
choeckout of components.

IProtective Cover

Tho protective covor i8 a doubloe layoer of waterproof fnbrie with an intornal
layor of insulation, The protoeiive covers aro used durlng transportation to protect
the segmont from direet sunlight and inclomont woather,

Ticdowns and Support Chocks, Rail

The rall support chocks are structurnl membors that intorface with the OD
of tho segment case near the joints and skirts. The ticdowns are floxible stocl siraps
that attach to the chocks and fit over the segments. The ticdowns and chocks support
and restrain the segment during rail transport.

Tiedowns and Support Chocks, Trailer

The trailer chocks and tiodowns aré identieal to thoge nsed on the railear,
cxcept that they interface with the trailer,

Battery Charger and Test Set

'The batteries used on the SRM Stage must bo charged just prior to instuliation
in the SRM. The charger and tost set will be fabricated from commercinl components.
The charger will charge the batteries and check the charge level.

Lifting Adapter ~ Nose Cone

The nose cono lifting adapter is & structural member that attaches to the noso
cone and provides attach points and structural support for the nose cone, The adaptor
is used in conjunction with the lifting adaptor and overhead erane.

Lifting Sling ~ Nose Cone

The nose cono lifting sling 18 a apecial unit that adapts the lifting adapter to

tho overhead crane. The sling is used to support the nose cone while moving it with
the overhead crane,
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Lifting Beam - Loaded Segment

The lifting boam {8 a structural member that intorfaces with the lifting davieo
and the ovorhead crane, The lifting boam 18 uaed during the segment handiing snd
assombly functiona.

Electrical Cahle Test Set

The eloctrical cable test set conslsts of standard olectronic componants,
goges and wiring housed In a conaole, The tost sot is uaed to perform ond-to-ond
continuity chocks.

Dummy Storage Battories

Dummy storage batterics consist of standard commercial components that
onable the simulation of the battory current during systems checkouts.

Electrical System Checkout Sot
The electrical system checkout set consists of standard clectronic components,

gages and wiring housed in a cousole. The checkout set is tised to perform final
checkout of the various electrical components and systems in the assombled SRM.,
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9,3, GEE Deseription (154 In. Options)

The fellowlng items of GHE have been identHied Lo TulfiE (e requircinent s
of the vavious options dontifled hn the SRA,

1P U/Nozele Toest 8ol

Chocekout at VAR will B¢ vosteieted Lo cold gas operation of Lhe HHPU qud
controls, ‘I'hig cheek will vequive both the anetuation sysiem cheehout console and
the poeumatie reguliation unit defined horein, Cheekout on Che Tnunch pid will con-
sist of cold gus funetional operation cheeks during the control system final verifi-
atlon. During the final pericds of countdown prior to Jaunch, @ hol run on the 1P
and control devices will be performed.  Phe HPU has dual ignition eapabibitics
and the initiator unit will e replaced after ground cheek.  There are sulfficient
amounts of fuel for two (2) complete ignition eycles and operational needs of cach

HDU. 'Phe control systom will be completely cheeked out with the use of the check-

out console, Checkout tests will cover all the operating modes including ahort and
shutdown. The entire system will he operated in emergeney conditions of partial
shutdown of one unit and full shatdown of one unit.

The following components will be choecked out.

TVC Acluator

A 'T'VC servoactuator checkoul console will be vequived For design veritication

testing and prelaunch checkout of the TVC actuators.
This console will provide the following TVC actuator functions,

1. Linear variable differential transformes (1.VIT)
cexcitations

2, LVDT demodulations

4. Pressure transducer excitations and conditionimgs
4.  Feedback and command summing and compensation
S,  Scrvonctuator drivers

6. I'milure statie indicators

7.  Failure rescet capability

%,  Simulated voters and fajlure deteclors
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#, Instrumentation interface
15, Simulated fallures of all eritical signala
11. Emergoncy hydraulie ayatem shutoff
12, Flectrical power control to actuators and servos
13,  lydraulic powver control to actustors and scervos

14. All electrical power conversion required for the
facility

The control console power will he 115 v 60 1z single phase and the unit will
use breadhoard clectronics throughout. Single externnl hydrrulic power supply will
provide the fluid power for checkout tests,

Hydraulic Power Unit Controls

A hydraulie power unit and checkout console will he required for testing
and checkout, The vonsgle will provide the following functions:

1. 28 vdepower~bus A & B

2. Power unit on and off controls

4. Turbine speed and governing controls
4. Test points

The control console will be composed of breadboard electronica to simulate
the flight electronics.

Pneumatic Regulation Unit

A pneumatic pressure rcgulating unit for intermitient operation of the turbine
HPU will be required. The unit will provide gaseous nitrogen for controiling che
turbine and operating varioua fucl control valves during assembly and preliminary
checkout.

Nozzlo Alignment Set

The nozzle alignment set consists of components that interface with the

nozzle and enable the determination of the nczzle centerline. The alignment sct
is used to align the nozzle in accordance with the specification requirements.
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Shipping Container, Staging Rockets

The staging rocket shipping containers are rcusable, with apecind packing Lo
gupport the staging rockets. The containers are used to transport the staging rockets
from the point of manufacturc to the point of installation.

Nozzle Shipping Link

The nozzle shipping link is a structural support that interfaces between the
HPU and nozzle exit cone. The shipping link supports Lthe rozzle exit cone while
the aft segment is helng transported.

Pin Puller

The pin puller ig a tool that a‘taches to the pins and is used to extract them
from the segmeni joints. This allows disassembly of the SRM cases for refurbishment.

Chorks - Empiy Case

The empty case chocks are structural members that iiterface with the OD
of the case. The chocks will support the expended SRM and scgments while dis-
assembling the SRM for refurbishment.

Lifting Device - Empty Case

The empty case lifting device is identical in design and function to the loaded
case lifting device.

Lifting Sliug

The lifting sling is a device that adapts the gantry cranc to the lifting device.
The sling is vsed in disassembly and handling the SRM segments during vefurbishmaont.

Lifting Device-Nozzle

The nozzle lifting device is a structural framework that attaches to lifting
points on the nozzle. The lifting device is used to handle the nozzle during
refurbishment.

HPU SLipping Chocks and Cover

The HPU shipping chocks aml cover is basically a container with special
support structures to hold the HPU for shipment to the vendor for refurbishment,
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Semitrailer - Empty Cane

The semitrailer i8 basieally the same as the semitrailer used for the Joaded
ense,

Tractor

The tractor is a commereial fifth wheel type prime mover used to pull the
cmpty case somitrailer.

Chocks and Tiedowns

The chocks and tiedowns are identical to those used in transporting the
loaded segments.

9.3.4 GSE Description {(Alternate Configurations)
9.3.4.1 156 In. Series Configuration

The GSE required to support the 156 in. serics SRM is cssentially the
same a8 the 166 in. parallel SRM. Quantities of cquipment will vary with increased
production rates.
9.3.4.2 120 In. Parallel Configuration

The GSE required to support the 120 in. parallel burn is casentially the
same as the 156 in. parallel burn. Quantities of cquipment will vary with increased
production rates.
9.3.4.3 260 In. Scries Configuration

A preliminary analysis of the 260 in. scries configuration indicates that
the following configuration items of GSE and related facility items at KSC will be
required.

Gantry Crane

A 2,000 ton gantry cranc would be required to remove the SRM from the
barge, break it over to a vertical position and place it on the transporter launcher.
Cranes of this size are feasible but not developed.

Barge

Water i8 the only feasible method of transporting the 260 in. diameter 8RM

from the point of manufacture to the KSC. The harge will have special hallast
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l tanks to enable loading and unloading of the SRM.  The barge will he of shaliow
E draft destgn to enable opervation on the inlanxl waterway.
’ Bropkover Stand \
The hreakover stand {8 o structural framewaork that will interfuce with the
SRM lifting adapter.  The breakover atand will be used in econjunction with the
gantry erane and lifting beam to break the SRM over to a vertieal position
Lifting Adapter
The lifting adapter ig o structural member with trunnions that, will support
the breakover weight of the SRM. The support adapter will support the SRM
during transportation and bhreakover operation.
’ i Canal System
‘ A canal syatem will be required to enable the 8RM to be brought as close
as pogsible to the launch pad betore being removed from the barge.
Rotating Pit
A rotating pit will be required to provide clearance for the nozzle when
By breaking the SIM over Lo a vertical position.

Gantry Crane Foundation

A foundation will be required to support the gantry crane between the doek
area and the point whore the SRRM will be placed on the trangporter launcher.
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9.4 FACILITIES

The aystem requircments analysis has identified the need for new faeilitics
at two locations, the railhead near Corinne, Utah,and a fueility near the Vehiele
Assembly Building (VAB) at the Kennedy Space Center,

9.,4.1 Corinne

A huilding containing a 200 ton overhead erane must he provided at the railbed

soar Corinne. ‘This bullding will provide shelter during loading of SRM segments on
ratlears. The building must have approximately 4, 000 sq ft of floor space to allow
for the side-by-side orientation of the semitrailer and railear. Railroad tracks
must enter and leave the building. Tho doors will allow entry and exit of hoth the
railear and semitrailer/tractor, A reinforced concrete pad will be provided to
support the semitrailer during transfer operations.

9.4.2 KS8C

A butlding will be provided at KSC to reccive, inspect, subassemble and
store SRM Stage components, GSE and spares. The building must contain a 200 ton
gantry crane covering the full length of the bullding. In addition, 10 ton auxiliary
hoists will be provided to handle small components. Storage racks will he provided
for small component storage. Floors will be capable of supporting the weight of the
SRM segments including shipping cquipment. Forklift use capability will be designed
into the bullding. The lighting required is 100 ft candles minimum at the working
lovel in the inspection, subassembly and office arcas. Other arcas require 60 ft
candles minimum. Offices and rest rooms will he provided. Total space required
is estimated to be 30, 000 sq ft. ‘Temperature control will be required to maintain
temporature at 70° to 80° I, '

In addition to the building, a railroad spur must be provided from the
extsting ratlroad bed into the building.

Also a roadbed must be provided from the RISS building to the VAR for
tractor/semitrailer transport of the SRM scgments to the VAB. It is estimated
for this study that the rail spur will be 0.6 mi long and the roadhed w1l be 0.5 mi
long.
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.40 PROCGRAM GSE REQUIREMENTSH
G, 0.0 166 Ty, Hameter Purallel Configuration

The GSIeonfiguration items and quaatities  required to support the 1ha in,
dizuneter parallel baseline configurations are i shown in ‘Pable -1, The sledibional
conliguration ftema and quantitles required to support the 156 in, dimmeter confignea-
tion with TVE and staging capabilitics are shown in Table 9-2.  The configreation
items and quantitics reguirved to support the refurbishment option are shown in
Tahle H=3.

9.5.2 156 In. Diametor Servies Confignration

The G815 configuration items required to support the 156 in. diameter series
bascline configuration are as shown in Table 9-4.  The additiona] configuration items
and quantitics requirved to support the 166 in. dijncter configuration with YVC are
shown in Table 9-5.

9.5.3 120 In. Dinmeter Parallel Configuration

The GSE configuration items reguired to support the 120 in. diamceter parallel
conliguration ave as shown in ''able 9=6.

La.d 260 In, Diameler Series Configuration

The GSE configuration ilems recuired to support the 260 in. series configura-
tion are shown in Table 9-7.
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17.

18.
19,
20.
21.
22,
23,
24,

TABLE $=1

GROUND SUPPORT EQUIPMENT
166 IN, PARALLEL CONFIGURATION

GTM
or

FTM  10/¥r 20/Yr 40/¥Yr 60/Yr
Electrical lead 30 30 45 105 120
Lifting Beam, Loaded Scgment 3 3 3 3 4
Tractor 3 3 3 3 4
lL.adder, Nose Cone 1 1 1 1 2
RM Leak Test Set 1 1 1 1 2
Work Platforms 1 1 1 1 2
Semitrailer 3 3 3 3 4
Shipping Container, 8 & A Device 12 12 18 42 48
Ordnance Test Sct 1 1 3 1 2
Pneuma~Grip Lifting Device 3 3 3 3 4
Breakover Stand 1 1 1 1 1
O-Rings Fabrication Tool 1 1 1 1 1
Storage Chocks 20 20 40 80 100
Flectrical S8ystem Checkout
Rocket Motor 1 1 1 1 1
Protective Cover 25 25 35 5 8h
Tiedowns and Support Chocks,
Rall 25 25 25 65 5
Tiedowns and Support Chocks,
Trailer 3 3 3 3 4
Battery Charger and Test Set 1 1 1 i 1
Lifting Adapter-Nose Fairing 1 1 1 1 2
1ifting Sling~Nose Fairing 1 1 1 1 2
Casc Stiffencrs 25 25 a5 5 85
Klectrical Cable Test Set 1 1 1 1 1
Dummy Storage DBattery 4 4 8 14 16
Safety and Arming Device 12 12 18 42 48
Simulator 9-26
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TABLE 9-2
GROUND SUPPORT EQUIPMENT
166 IN. PARALLEL, TVC AND 8TAGING OPTIONS

GTM
or

M  10/Yr  20/Yr 40/Yr

R R TR I S TR T e e e mee e

GO/Yr

HPU/Nozzle Test Sot 2 2 2
Nozzle Alignment Set 1 1 1
Shipping Container, Staging Rocket 16 16 32
Nozzle Shipping Link G G 8

9-27
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TABLE 8~3

GROUND SUPPORT EQUIPMENT
156 IN. PARALLEL REFURBISHMENT OPTION

GTM
or
. FTM 40/Yr
Pin Puller 2 4
Chocks 20 20
Lifting Device, Empty Case 1 1
Bridge Crane 1 1
-~ Lifting Sling 1 1
Lifting Device, Nozzle 3 1
Semitrailer 1
'- Tractor 1
4
Chocks and Tiedowns 1
Grit Blast Facllity 1 1
Paint Sprayer 1 1
Degreaser 1 1
Forklift Truck 2 2
Work Platform 2 2
New Facility Building
10, 000 gq ft
Overhead Crane, 15 ton 1 1
HPU Shipping Chocks and Cover 2 8
Y
p-28
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16.
17.
18,
19.
20.
21,
22,
23.
24,

TABLE 9~4

GROUND SUPPORT EQUIPMENT
156 IN. SERIES

Ilectrical Taad

Lifting I'eam, l.oaded Segment
Tractor

Ladder, Nose Cone

RM Leak Tcest Sct

Work Platforms

Semitrailer

Shipping Container, 8 & A Device
Ordnance Test Set

Pneuma-~Grip Lifting Device
Breakover Stand

O-Ring Fabrication Tool

Storage Chocks

Electrical System Checkout Rocket Motor
Protective Cover

Tiedowns and Support Chocks, Rail
Tiedowns and Support Chocks, Trailer
Battery Charger and Test Set
Lifting Adapter-Nose Fairing
Lifting Sling-Nose Fairing

Cage Stiffcners

Electrical Cable Test Set

Dummy Storage Battery

Safety aud Arming Device Simulator

9-29

GTM or FT'M

30
3
3
1
1
1
3

12
I
3
1
1
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HPU/Nozzle Test Set
Nozzle Alignment Set

Nozzle Shipping Link

TARLE 8-0

GROUND SUPPORT EQUIPMEN'T
156 IN, TVC OPTION

GT™M
or
FIM  10/Yr 20/Xr 40/¥r  60/Y0»
2 2 2 2 2
1 1 1 1 4
6 6 8 16 20

9-30
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10.
11,
12.
13.

TANRLE 9-4

GROUND SUPPORT EQUIPMENT

120 IN, PARALILI].

iTM or FI'M

Ileetrical boad

Tifting Beam, Loaded Segment
Tractor

Ladder, Nose Cone

RM Teak Test Set

Work Platforms

Scemitraflor

Shipping Contiiner, 8 & A Nevice
Ordnance Test Set

Prneuma~Grip 1ifting Dovice
Breakover Stand

O-1ting Fabrication T'ool

Storage Chocks

Electrical System Checkout Rocket Motor
Protective Cover

Ticdowns and Support Chocks, Rail
Tiedowns and Support Chocks, Trailer
Battery Charger and Test Set

Lifting Adapter-Nose Fairing

Lifting Sling~-Nose Fairing

Case Stiffeners

Electrical Cable Test Set

Dummy Storage Battery

Safety and Aryming Device Simulator
Pt /Nozzle Test Set

Nozzle Alignment Sct

Nozzle Shipping Links 9-31
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TARIE §-7

GROUND SUPPORT EQUIPMENT AND
RELATED FACILITIES, 200 IN, SKRIES

(G'I'M or 'I'M

Gantry Crano 1
Breakover Stand 1
Barge THD
Lifting Adapter TBD
Canal System 1
Rotating it {
Gantry Cranc FPoundation 1
0-32
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9,0 MAINTENANCE AND SPARES
9,6,1  Maintenmee

The G815 will be designed with eose of maintenanee ns o desigh consideradion,
The maintennee requirements will e coordinated with the maintadnabllity progrnm,
There data will be incorporated as gqualitative maintinability reguivements Lo
minimize complexity, design for minimam quantity of tools and test equipment,
destign for minimum skill levels for opeviation and maintenance and optimum
accessibility.  These epriterin will he based upon knowloedge gainod in Thiokol's
solid rocket motor programs, Minutenan, and advanceod rescarch progriams on
120 in, and 156 in, dinmeter solid motors,  The maintenance program defined in
the Logistie Support Plan, Volume I, will provide offective maintenance support,
for the GSE, 'The mainlenanee program will ecnumerate all system support action
required for retaining or restoving the GSE to an acceptable operating condition,
This program will assure system readiness of the GSE und will preclude delay
times due to GSE being unavailable or inoperable.  During design of the equipment,
Thioke! will, as coniractually directed by NASA, prepare calibration, certification,
ad measuring standards to be atilized at the launch site,  Based upon system
engineering documentaiion, Thiokol will establish final quantity requiremoents for
GSE with approval of NASA,

_ 'The basic philosophy for the site maintenance program is to conduet both
scheduled and unscheduled maintenance for the ground support equipment, ‘the
scheduled maintenance program for the GSE will provide procedures for inspection,
testing, scrvicing, catibration, and reconditioning the eguipmoent at regular inter-
vals. The objective of this proventive maintenancee program is to prevent equipment
fanilures in service, and {o retard wearout deteriorations, During the design and
verification program the maintenance engineering group willt establish the periodic
maintenance program for the grovnd equipment, based upon cilendar or use fime
for cach item, This periodic maintenance program for the launch site does not
include overhaul.  All overhaul activities associated with the GSI will be condueted
at Thiokol or vendor faciiities, Thiokol will establish the scheduled and unscheduled
maintenance reguirements for the GSE, The systems mauintenance requirvements
will be developed utilizing NASA required documentation. These data will be
summarized to identify and correlate {requency of maintenance oveurrences and
poersgonnel, MGE, and spares provisioning, The compilation of caliby ation require-
ments will be integrated in the maintenanee thsk analysis to define measuring and
alipnmoent standards,

The alignment and/or adjustment of the GSE installed nt the launch site will
be accomplished using portable calibration equipment when and whoerever practical,
GSE that must be removed, or that equipment which may require special calibra-~
tion, will be transported to either the calibration iaboratory wt the launch site ov
an offsite calibration facility, Catibration regquirements for the GSE will bhe kept

to 4 minimum. .
9-33
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Spare parts reguirements will be defined by Thiokol's maintenance analysis
of the GSEK,  Based upon the approved guantities of equipment and maintenance
londing, the seleetion and fdentifieation of spures quantities will be established,
These aprres quantitios will be sufficient to support the integrition and checkout
during DT & F and produection for the SRM Stage,

The datn derived from the maintenance annlyses will support federal stock
number sereening requirements and the preparation of reports ind applicable
documentation for the provisioning of spare parts, TFactors that Thiokol will
cons.der in the identification and selection of spare parts and quantities for the
GSE include, but are not lHmited to: installation status, maintenance function,
maintenance limitations of the equipment, source code (manufactured or procured),
shoelf life, reparable or nonreparable characteristics, repair cycle time, wearout
rites (pereentage condemnation of reparable item), percentage ol operating time,
calibration frequency, inspection frequency, consumption data and reliability
history (failure rates and reports, reliability factors), units/asscembly/installation/total
program usage, effectivity, need dates/program schedules, lead lime, cost, and
experience with like type equipment,

9,6,3 Support

Past experience has shown that the total costs to perform maintenance and
provide the required spare parts for the maintenance functions approximates
12 percent/year of the cost of the GSE, Thiokol's goal will be to meet or reduce
this figure by selective and carcful GSE design. Past experience, as related above,
has provided Thiokol with the tools and knewledge to accomplish this goal.

9-34
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10.0 TRANSPORTATION, ASSEMBLY, AND CHECKOL'T

10,1 INTRODUCTION

Solid propellant rocket motor (S8RM) segments, 166 in. in diameter, 27 fit
long ond up to 320, 000 1b in welght, will be mamfactured at ‘Thiokol/Wasatceh
Divisfon near Brigham City, Utah, and transported via rail to the Kennedy Space
Conter in Florida., Lifting devices and overhend crancs have been used in various
USAF programs with SRM's of similar sizcs and welghts. Existing railears have
capacitics that exceed the antieipated weights of the segments.  Rail transportation
has been cleared for shipnent of loade up to 164 in. diameter from Corinne, Utah,
to Kennedy Space Center in Florida. At the Space Center each segment and com-
ponent will be inspected for shipping damage and placed in storage until required
for stage bulldup. Stage buildup will be accomplished by bringing cach segmoent to
the vehicle assembly bullding (VAB), breaking the segment into a vertical position
and installing it on the matching segment, When stage assembly is complete the
necessury checkouts and tests will be performed prior to mating the SRM stage to
the Space Shuttle vehicle,

Becausc of segment geometry, case segments must be shipped with the
longitudinal axis in a horizontal planc oriented fore and «ft on the railcar. Case
and propellant stresses duving longitudinal, laterai, and vertical dynamic loading
imposed by severe railcar coupling have been analyzed. For the analysis, loaded
segments were agsumed to be supported by saddles at cach cnd, with vertical re-
straint bands and tiedown devices added to prevent the segment from moving
laterally and vertically under dynamic loads. Dracing to rertrain fore and ait
movement was also assumed, Stiffeners were added to the open ends of the
cegments. The fundamental frequency for this configuration is well above the pre-
dominant railroad transport frecquency (10 to 14 cps). Conscquently, resonant
frequency does not appear to present problems.

Data obtained from Department of Defense Research and Engincering Bulletin
No. 31 incicates that longitudinal acceleration loads in excess of 10 g have occurred
on a railear during severe railyard handling (Figure 10-1). Under severc handling,
vertical acceleration up to 5 g was attained, Lateral acceleration is insignificant
{(approximately 0.15 g). Fatigue loads in the range of 5 g during segment transport
are acceptable. Propellant-to-liner failure (due to shear loading) could occur above
20 g; therefore, shock mitigation equipment is recommended only under severe
handling conditicns. Controlled handling during railcar coupling could eliminate
requirements for shock mitigation equipment,

An analysis has been made of the propellant grain to determine temperaturc
contrel requirements during segment shipment, Stresses and temperaturces in the
propellant grain and Hner were examined for segments expused to varying ambient
temperatures. The analysis is based on Thiokol studies mad - during the development
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of the Thiokol 156-1 eenter gegmoent under Contract AL 04 (B95)-3638,  'The segmoent
enda were sealed and the entive segment insulated with a 2 in, layer of {iberglaas,
The Initinl segment temperature was sct ot 80 I, A unidirectivnnl (radial) heat
transfer was assumed; nlgo, siress relaxation (zero streas at BOO 1) was nssumed.
Time of exposure was varied from 1 to 20 days,

Results of the annlysis show the tangentinl and radial tensile stresses to be
small, ceven at extremely low temperatires. SRM tangential and radial thermal
stresses inerease as the tomperature decrenses, These streases, greatest at the
case lner, were 6.3 pst and 0,9 pst at a temperature of 28" I (a 23° 1 case liner
tomperature corresponds to a =-40°I7, 10 day, temperaturs soak, Figure 10-2),
Compressive stresses arce not considered problematical, Grain temperature vari-
ation at different depths in the grain, during a 10 day interval, also showed the
greatest temperature variation at the case liner area (IMigure 10-2), For cach ex-
treme time=tempoerature condition analyzed (20 days at -4° and +140° I¥), temperature
at the initial port burning surface arca deviated less than +10° F from its initial
80°F temperature. Propellant failuee (cracking) vecurs only at low temperatures;
therefore, segment heating will be required only when segments are exposed to
extremcly low temperatures for loug periods of time (Figure 10-2).

Basced on this cumulative experience gained by ‘T'hiokol, the propellant grain
need not be conditioned during segment transport to most locations in the continental
United States, Nelther will humidity control be required, based on data obtained
from the Minuteman storage program. Segment storage for long periods (18 mo)
under high temperature (100° F) and high relative humidity (75 pereent) conditions
is possible without degradation of the propellant. A combination of extreme tempera-
ture and humidity within the coatinental United States is a remote possibility unlikely
to occur for long periods. Temperatures in Jacksonville, Florida, considered for
design are 90° I* (dry bulb) and 78° I (wet bulb); the highest temperature recorded
since 1871 is 105°F. *

The primary analysis for transportation and handling of the SRM stage is
generated around the 256 in, diameter Ybaseline™ parallel configuration. Options
to the "bascline™ are discussed. Alternate configurations including the 156 in.
diamcter series configuration, 120 in., diameter parallel configuration, and 260 in.
diameter scries configuration were also reviewed.

10.2 TRANSPORTATION AND HANDLING OF GSE

it is anticipated that the various items of Ground Support Equipment (GSE)
will be manufactured by different vendors located throughout the country. Some
items will be required at Thiokol/Wasatch 4o be used ip transporting the Solid Rocket
Motor (SRM) scgments,  Some ftems will be shipped directly to the Kennedy Space

;-Ilcntﬁgg Veniilating, and Air Conditioning Guide, Am Soc of Ieating and Air
Concitioning Engincers, 1959.
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Figure 10-2, Grain and Liner Temperature Data for 156 In,
Diameter Loaded Segments
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Center (KSC) for use in operations perfored theve,  Still other items will he shipped
dircetly to vendors who will use them in the shipping of 8RM components,

Initinl itoms fabricated will be shipped to Thiokol/Wasateh where the neces-
aary tests and checkouts will be performed to verify performuance,  After sntislietorily
passing the required tests, the itoms will then be shipped to their point of use,

10.2.1 Preparation for Shipmont

Each item of GSE will be preserved and packaged in accordance with NASA
requirements.

10,2.2 Shipment

After being properly preserved and packaged, cach item of GSE will be
shipped by the manufacturer dircetly to the location where the item is to be used.
Shipment will be made by a common carrier in sufficient quantities to mect the
required launch rate.

10.2.3 Receiving and Ingpection

Upon arrival at its designated point, cach item will be unpackaged and
inspected for completeness and shipping damage. If satisfactory, each item will
be placed in storage until required.

10.3 TRANSPORTATION OF SRM SEGMENTS

The SRM scgments wili be mamufactured and prepared for shipment at
Thiokol/Wasatch (Figure 10~3). Each segment will be preserved and packaged in
accordance with NASA requirements. Identification and marking will be in accord~
ance with NASA requirements.

Each shipment will consist of the required number of segments and parts to
fabricate one SRM, For the parallel configuration, each shipment will consist of
onc aft segment, thre. center scgments, and one forward scgment. The size and
weights of the segments are as follows,

Shipping Size* Shipping Wi
Iten, Length (ft) {h)
Forward segment, including Pyogen unit,
tess 8 & A (1 per SRM) 21 146, 000
Aft segment, including nozzle (1 per SRM) 23.5 18%, 000
Cylindrical scgment (3 per SRM) 24.5 325,000

*The shipping diameter of all segmoents is 13 4t 2 in,
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10,3, 1 Wreparation for Transporiation

Ench segment will be preparod for shipment by the Thiokol/Wasnteh manu-~
fneturing personnel, The segmeont will be placed on apeclal chocks on a semilrailer,
Spocial tiedown attachments on the chocks will he attached to the segment,  The Lie-
downa will be attachad to the segment with wide, flexible straps that fasten o fhe
chocks and over the top of the acgment, The chocks will he hutted up agninst the
Joints of the segment to prevent forward and aft movement, During highway trans-
portation, the maximum g lond that will be encountered are as follows: (1 1 g load
is equal to the weight of the serpment plus the woight of the transporter).

Condition Load Factor
1 Fore and Aft 2 g with 1 g down
2 : side 1/2 g with 1 ¢ down
3 Vertical Jg

Temperafure and humidity conditioning will not bhe required during trans-
portation; however, a cover will be required over cach segment to protect the
segment from dircct sunshine inclement weather and damage while enroutc.

10.3.2 Transportation to Railhead

The segmonts will be transported from the manufacturing site to the nearest
railhead at Corinne, Utah. Transportation will be by a special semitrailer-tractor
combination that will be designed to carry the 325,000 1b maximum loads (Iigure 10-4).
Consideration will be given in the design of the semitrailer to conform with loeal axle
loading requirements, which allow loads up to 50,000 1b per axle with special permiis.

10.3.3 Transfer to Railcar

Upon arrival at the raflhead, the segment must be transferred from the
semitrailer to the railcar. The transfer will be made inside a building to be con-
structed which will provide protection during inclement weather., The protective
cover and tiedown devices will be removed and a Pneuma-Grip lifting device will be
installed on the scgment.

The segment will be lifted from the semitrailer using a 200 ton gantry, and
placed on special chocks on the railcar (Figure 10-5), The lifting device will be
removed, the tiedowns installed and the protective cover attached to the segmoent.

The segment will then be ready for shipment. This process will be repeated until
one aft segment, one forward segment and either three or four center segmentg nre
loaded on flat cars. Only onc segment will be loaded on any one ear. Load limitations

10-7
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Figore 10-1. Transportstion of SRM Segment to Railhead
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Figure 10-5,

Transferring Scgment to Railear
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on various hridges nnd trestlos encountored along the route will require that emply
ears he placed hetween the loaded ears for weight diatribution,

‘The support chocka on the vallears will not he permanently attachoed but
will he adjustable fo compensate for difforent segment 1engths,  ‘The choeks and
tledowns will he derigned {o withatund toads na followa: (1 g §8 the welght of the
gegmaoent),

1. Fore and AlL 3 with 1 g down
2 side 1/2 g with 1 g down
3 Vertical 3g

10.3.4  ‘Transportation to Kennedy Space Center

e to the size and welght of the segments being transported, railroads
offer the most cost offeetive memns of transportation (Figure 10-6). ‘I'ransportation
by air or highway is feasible but not economical at the present time, Shock mitiga-
tion will be provided by controlling the speed of the railears during all coupling and
uncoupling operations to 5 mph or less. It will take approximately two weeks to
transport the scgments from Utah to Kennedy Space Center, Florida. Specds will
he limited to 45 mph on straightaways and 35 mph around curves,

10.3.5 Scgment Receiving and Inspection

The segments will be transported directly to n newly constructed recelving,
inspoction, storage, subassembly (RISS) building (Figure 10-7). They will be off-
loaded from the railear using a Pneuma-~Grip lifting device and a 200 ton bridge
crane in the building. EFoch segment will Le placed on storage chocks and inspected
for shipping damage. If there is no damage, the segments will remain in storage
until required for SRM stage buildup,
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(RISS) Facility

inspection. Storage, Subassembly

Receiving,

Figure 10-7,
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‘ 10.1 TRANSPORTATION ANL HANDLING OF AP SKILVE X TENSION, NOSE CONE, {
i ANTACH STRUCTURYE, ATD MISCE LLANEOUS COMPONENTS \
I The aft skirt oxtension, intersiage structure, nose cone, various ordnance '
itoms, electrieal components, cte, will be manufactured hy various vendors
l (Fgure 10-8), Kach vendor will be responaible for manufacturing and shipping

their items in sufficient quantities to satisfy the launch rate.
10.4.1  Preparation {for Shipmoent

Fach item will be preserved and pneksged in accordance with NASA require-
ments.  All packages will be marked in accordance with NASA requiremoents.,

10.4.2 Shipment of Components
After being properly preserved and packaged, cach item will be shipped
by common carricr to Kennedy Space Center. Shipment will be made in the most
ceonomical method to meet launch schedules.
10.4.3 Receipt and Inspection of Components
Upon arrival at the Space Center, cach item will be unpackaged and inspected

for shipping damage. If no damage is evident, the item will be stored until required
for SRM stage buildup.

10.5 SEGMENT SUBASSFMBLY

!. To facilitate SRM stage buildup in the VADL, certain subassembiy taghs will
be performed in the RISS building prior to transporting the segments Lo the VAB.

10.5.71 Installation of Aft Skirt Extension on Aft S8egment

overhead eranc and lifting device. The skirt will be rotated and aligned with the

j The aft skirt exteusion will be lifted from its shipping contaiaer with an
§ aft segmeont. The skirt will be properly positioned and the attach rardware installed.

10.5.2 Installation of Nosc Cone on Forward Segment

3 , ,
The lifting device will he attached to the nose cone and the nose cone will
§ he lifted with an overhead crance and aligned with the torward segment. The nose
1 cone will then be installed on the forward segment and the attach hardwase jnstallod.

10. 5.8 Installation of Attach Structure

The attach structure will be installed on the forward and aft segments. A
litting sling willbeattached to the attach stracture and an overhead crane will lift
the structure into position. The attach hardware witl be installed.

l
l
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Figure 10-8. Transportation and Handling, Aft Skirt Extension, Nose

Cone Attach Structure, and Miscellaneous Components
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3,6 TRANSPORTATION OF S8EGMENTS AND COMPONENTS TO VAR

SRM stage buildup will be performed in the vehicle assembly building (VAR). \
The segments and components will be transported over a speeial roadway which must :
be provided from the RISS area to the VAB for motor huildup {¥igure 10-9).

The components are generally small enough that they can be transporied
on flatbed or pickup trucks. The segments must be transported on special somi-
trailers similar to those used for transporiing the segments to the railhead in Utah.

10.6.1 Preparing Seg. ent for Transportation

The segments are stored on chocks in the RISS building. Each segment will
be prepared for transportation by removing the protective covers and insuring that
the joint stiffeners are securely in place.

10.6.2 Transfering Segment to Semitrailer

The segment will be transterred to the semitrailer by positioning the
semitrailer next to the segment. The pheumatic lifting device will be installed
on the segment and the segment will be raised and positioned over the semitrailer
chocks. The scgment will then be lowered onto the chocks and the lifting device
removed.

10.6.3 Seccuring Segment for Transportation
The segment will be secured for transport by installing tiedown devices.

Grounding straps will be installed. Protective covers will be fastened on the
segment if it is raining or threatening to rain,

10.6.4 Transporting Segment to VAB

When the segment is properly tied down on the semitrailer, it will be taken
to the VAB where it will be assembled into the SRM stage.

:

-
-
—

10.6.5 Preparing Segment for Transier w

Upon arrival at the VAR, the semitrailer will be positioned near the break-
over stand. The protective cover, if installed, will be removed. The ficdowns
and grounding straps will be disconnected.

10.6.6 Removing Segment {rom Semitrailer

The pneumatic lifting device will he ingtalled on the scgment. The cegmoenl
will he lifted from the semitrailer and positioned in a hreakover stand,  The breakovey
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stand will interface with trunnions on the lifting device. The stand will support cneh
loaded segment in a horvizontal position. The segment will be simultancously lifted
from the breakover stand and rotated to a vertical position.

10.7 SRM STAGE ASSEMBLY AND CHECKOUT

Each SRM will be built up segment by segment until ii is completely
assembled (Figure 10-10). The stage will be assembled on the launch platform
hase of the mobile launcher. The launch platform shall provide the capabilitics
of adjusting the SRM's for proper alignment. Stage assembly will be done in a
vertical attitude using a pneumatic lifting device and lifting beam similar to that
used in the RISS building.

The VAB will have hoisting equipment with the capacities and precision
adjustment capabilities required to lift and assemble the segments and various
other items.

10.7.1 Positioning Aft Segment Subassembly on Launch Platform

The aft segment subassembly will be broken over to a vertical position
using the pneumatic lifting device, the breakover stand, and the VAB crane
(Figure 10-11) and will then be lifted into position over tie launch platform. The
segment subassembly will be lowered uatil the aft skirt extension mates with the
launch platform. The lifting device will then be removed and the segment and

skirt will be aligned as required using the adjustment devices on thie launch platiorm.

10.7.2 Asscmbling Center Segment on Aft Segment

Before the first center segment can be attached to the aft segment, the case
stiffcners must be removed and the mating clevis joints cleaned and lubricated.
The O-rings will be installed in the aft segment. The center segment will then he
broken over to a vertical position and lowered to the floor where the lower case
stiffeners will be removed. The segment will then be raised into position over the
aft segment and lowered until the segments mate. The crane will be used to sup-
port and align the segment until the attach hardware can be installed. The lifting
device will then be removed. The upper case stifferers will be removed, the clevis
joint cleaned, the O-rings installed and the next center segment installed.

10.7.3 Assembling Forward Segment Subassembly
After the final center segment is installed the forward segment will he

attached to the final center segment (Figure 10-12) uging the same procedure as
was used in installing each of the center segments.
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10.7.4 SRM Stage Cheekout

When the SRM is completely agsembled, it will he necessary to perform
clectrical continuity checks and pressure tests of the case joints,

10.7.4.1 Continuity Test

The continuity test will consist of completely checking the clectrical systems
for continuity. To complete this tagk, the cap must be removed from the nose fairing
to provide access to the forward dome area.

10.7.4.2 Pressure Test of Case Joints

To insure integrity of the various joints and seals, the SRM case will be
pressurized to 30 psi. the supply pressure cut off, and the internal pressure monitored
for 30 min for decay. The pressure test will be performed by sealing the nozzle
throat and pressurizing the motor with nitrogen.

When the SRM stages have been completely assembled and checked out, the
orbiter components will be attached to the interstage structures by the Space
Shuttle contractor (Figure 10-13).

With the orbiter completely installed, all necessary clectrieal connections

will be made and final electrical checkouts will he performed by NASA (Figure 10-14),
The system will then be ready for transport to the launch pad (FFigure 10-15).

10-21




Ty

/

Y

dGITH-10%

|!| —

\ ey
x ra\ ./ /A //’/ “

'4\'/\ 3 . \/\b/i/ 5

Assembly of Space Shuttle Fuel Tank

Figure 10-13,

10-22




$GETH-10)

i
|
|
_

10-23

Figure 10-14. Final Checkout of Electronic Components
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10.8 MANPOWER REQUIREMFENTS

The tasks reguired to perform the various transportation, bandling and \
nssembly functions were identified in the systems requiremenis annlysis (SRA).
The manpower and the approximate time required to nerform ench task were also
idontificd in the SRA. Time line analysls of the various tasks was used to establish
the total direct manpower requirements for cach program. Support funclions were
identified in relation to the operations required and direet manpower required,
The total manpower requirements for the 156 in. diameter parallel program af
various production rates are shown in Table 10-1.

10.9 OPTIONS

i The operations described thus far are concerned only with the baseline

rocket motor. Addition of the various options will have an effect on the equipment
requirements. The effect on facilities and manpower are minimal because scheduling
will allow the additional operations to be performed during gencrally slach time

or on short periods of overtime as required. The various options and their require-
ments are as follows.

10.9.1 Thrust Vector Control (TVC)

The TVC nozzle and nydraulic power unit (HFU) will Le installed on the aft
segment of the SRM at Thickol.

Nozzle shipping links will be designed to secure the nozzle during shipment.
Functional checkout of the nozzle and HPU will be performed at the RISS building,
the VAB, and on the launch pad.

Checkout at VAB will be restricted to cold gas operation of the HPU and
controls. This check will require both the actuation system checkout console and
the pneumatic regulation unit defined hercin. Checkout on the launch pad will
consist of cold gas functional operation checks during the control system final
verification. During the final periods of countdown prior to launch, a full-up
(completely on internal equipment) hot run on the HPU and control devices will
e performed. The HPU has dual ignition capabilities and the initiator unit will .
be replaced after ground check. There is8 sufficient fucl for two complete ignition
cycles and sperational needs of each HPU. The control system will be completely
cheeked out with the use of the checkout console. Checkout tests will cover all
operating modes tncluding abort and shutdown, The entire system will be operated
in emergency conditions of partial shutdown of one unit and full shutdown of one
unit.
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The following components will he choeked out: {

1. TVC actuator .,

2, Hydraulic power unit controls
3. Pncumatic regulation unit
10.9.2  Staging

Staging will be accomplished by the thrust of small rocket niotors mounted
on the nose cone and aft skirt extension of the SRM. The staging rockets will he
ingtalled at Kennedy Space Center (KSC). The stuging motors will be manufactured
at Thiokol and shipped to KSC in reusable containers. ‘The nose cone and other
componenis will be shipped directly to KSC where they will be assembled. The
staging motors will weigh approximately 40 1b,

10.9.3 Destruct

The destruct components will be shipped directly from the mardacturer ;
to Thiokol for installation. The destruct components are small enough and of such
a configuration that special handling equipment will not be required. As many of
the destruct components as possible will be installed af Thiokol bhelore the segments
are transported to KSC, Final assembly of the destruct system will be performed
in the VAR,

10.9.4 Refurbishment

Refurbishment of SRM cases will have significant cffeets on equipment and i
manpower requirements. Because of this, refurbishment iz consideroed separvately.
Refurbishment will commence as soon as the SRM is aboard the recovery ship.
It is assumcd that the recovery ship will be procured and operated Ly NASA.
Thickol will operate the refurbishment equipment and perform the refurbishment
operationg done aboard ship. It i8 further assumed that ¢ranes with 66 ton capicity
will be avaiiable to lift the SRM from the ship to the dock and provide lifting
capabilities during disassembly operations. Primary congideration is given here
for the 156 in. diameter parallel configuration only. The recovery, disassembly.
and refurbishment operations are as follows.

10.9.4.1 Recovery
As soon as the expended SIRM's are aboard ship they will he hosed down
using fresh water at a flow rate of approximately 129 gpm and & pressure of 150 peigs.

It will tuke from 10,000 to 15,000 gal of fresh wates 1o flugh off the two SRM's
(Figure 10-16),
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Figure 10-16. Washing SRM Aboard Ship
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Onee the SRM's bave heen hosed down, the THEU will be remover noul eloaned
using freah water and then sprayed with an cxidation inbibitor. The turbine will he
thoroughly flushed with fresh wator qond sprayod with o mixture ol nityogen aad oil,
ntomized ot a pressure of 1, 10O prig,

10.9.4.2  Removal from Ship

Upon arrvival al the doek site, the expended SRM will be removed from the
ship (Figure 10-17),  EFach SRM will weigh approximadely 126,508 b, T'he SRM
will be placed on @ set of choeks on the doek and then disagsembled hy Thiokol

persomel,

10.9.4.8  SRM Disassembly

Kach SRM will be disagsembled and the various components cither disposed
of or transferred to the RISS huilding for further processing or refurbishment.  All
exponded ordnance items, cleetrical cabling and raceway covers will be disposed
of. All other items will be considered for refurbishmoent.

10.9.4,.3.1 Nozzle Removal

The nozzle, which will weigh approximately 13,000 1h, will be removaed
using a speeial lifting device and overbead crance.  The attach hardwa.ce will be
disposed of, and the nozzle shipped to the RISS building for further processing.

10.9.4.3.2  Aft skirt Extension Removal
The aft skirt extension, which weighs approximately 12,000 1b, will be 1
removed and disassembled. The components will be transported to the RISS §
huilding for further processing and refurbishment.
10.9.4.3.3 Interstage Structure Removal
The interstage structure, which weighs approximately 5,200 1b, will be

removed and disassembled. The components will be transported to the RISS
building for turther processing and refurbishment. ]

10.9.4.8.4  Segment Disassembly

The various SRM segment cases, which weigh approximately 20, 000 b cach,
will be disconnected and transported to the RISS building.

The segments will be disassembled by installing the pneoumaltic lifting device
on one of the end segments (Figure 10-18). Using the overhead crane to relicve
pressure on the joints. the attach hardware will be removed using & special pin
puller and standard tools. When the segment is discomected. it will be lifted from
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Removing SRM from Ship

Figure 10-17.
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Figure 10-18. SRM Disassembly
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the support ehoeks and either plneed in another sol of choeks or on the tensporter.

A hridge erane will ho used to provide mobllity Lo disassemble the seginents il
place them on the transporier. The snme easo stitfeners uted on the laaded sepments
will he uged on the emply segments,

000504 Component Inspeetions

AL the RISS bullding all of the components that are eandidite for cofurhish -
ment w.il be indpected for anreparable diomage,

If determined to be reusable, the following components, will be packaged
or otherwlse prepared for shipuent to Thiokol/Wasuteh or the appropriate mau-
facturer for reusc.

1. Case segmonts

2. Noxzle

-\ J. 11PU

4. IFleetronices

o r 10.9.4.5 Refurbisbment at Kennedy Space Center

are deemeod veusable, they will be eleaned and repaired as reguired.  All componenta
will be degreased. grit blasted, and painted.  Parts that are not vreusable will he
replaced with spares from stock.,

10.9.4.6  Lguipment Required

The GEE (shown in Table 10-2) will be requirad (o support the refarbishment
program. The quantities listed are requived to support a 90 peveent refavbishiment
mte; however, since refurbighment rate is unpredictable untlil after the fivst fow
recovery eyeles are complete, the some items will be stocked for lesser cecovery
and refurbishment rates.

T

10.9.4.7 Manpower Required

'The manpower requirements shown in Tables 10-3 and 10~4 are for the refurbish-
ment operations aboard ship, on the dock, and in the RISS building. 1t is assumed
that crane personnel from other operations will be available to assist in refurbish-
moent operations.
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REFURBISIIMENT KQUIPMENT

(156 IN. PARALLY1)

Pin puller

Chocks

Lifting dovice, emply case
Bridge cranc

Lifting slings

Lifting device, neazle
Semitrailer

Tracior

Chocks and ticdowns

Grit blast facility

Paint sprayer

Degreascr

Trorklift truck

Work platform

New facility bldg, 10,000 sq it
Overhead crane, 15 ton

HI’U shipping choeks and cover
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TARLE 10-3

MANPOWER REQUIREMENTS, REFURBISHMENT
A'l' 90 PERCENT RATHE

Progduetion
GIM & FIM  10/yr 20/yr 10/yr 60/
Personnel Diroeet Dircet Direet Direct Nirect
Packaging man 1 1 1 } |
Liaison engincer 1 1 1 1 1
Truck driver [ 2 4
| Mechanie/welder 1 1 1 2 2
\ Inspecior 1 1 1 1 1
Crane operntor 1 1 ] 2 p

Operator 4 4 1 R ]

lf I.cadinan 1 2 2

9 Y 10 17 ¥ l

Assumptions: Operations will be performed on & one crow, one shift hasis
with overtime as required.
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4 TABLE 104
r !
]
. MANDPOWER RECGUIHREMENTS, BEFURBISHMENT
, AT S0 PERCENT RATE
% 7 _roduction e e
GGPM & T'E'M 10/yr 20/yr A0/ /yr G0/ v
Bersomel Direot Direet Diveet, IHreatl Dirveaot
Finison engineer I 1 1 1 t
Truck driver 1 1
‘ ; Mechanic/welder 1 1 1 1 1
'é Inspector I i
\ ' Cranc operator 1 1 1 1 1
a Operator 4 4 3| H H
l Teadman A 1 7 . I R
*{ 8 3 7 1.1 11
Agsumptions: Operations will be performed on a one crew, one shifi basiy with
overtime as roquived.

o . vt i

i £
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10,10 AL TERNATE CONFIGURATHOINS
10,10.1 156 Inch Diameter Series Configuration

Transportation, handling, assembly. and chockout of the eamponents reguived
in the 160 in, diameter series altornate will not vary greatly from the paraltel con-
figuration. The motor sggmonts will be handled and transported in the knme manber,
The SRM's will he assomblod in essontially the same way, ‘The same eheekont and
testing procodures will apply.

TThe main differences in this configuration will be in manpower and guantitics
of cquipment required for the higher launch rates. The manpower roguired to sap-
port these launches arc as shown in ‘Table 10-5,

10.10,2 120 Inch Diameter Parallel Configuration

Transportation, handling, ussembly, and checkout of the components roequired
for the 120 tn, diamoter configuration is similar to the analysis for the 156 in. diam -
oter parallel configuration. Stlightly morce subagsembly ean be performed prior to
the shipment to the VAB, Manpower, cquipment, and factlitics will be affected slightly
due to the increased quantity of components to be handled and assembled, Manpower
requiremente to support this configuration is shown in I'able 10-6.

10.10.3 260 Inch Diameter Series Configuration

Transportation and handling of the 260 in. diamcter motors has been demon -
strated with an emply case. Several study programs conducted previously tndicate
that a large gantry erane is the only item heyond current stute-of~the-art that
would have to be developed. The loaded SRM monolithic case wouid be transportod
via harge to the KSC. A large mobile gantry ¢ ane (2, 000 to 2, 500 ton capacity)
would be used to lift the motor onto and off the harge. The motor would he rotated
from the horizontal position as received cn the barge (o a vertical pogition using the
mobhile gantry and a breakover pit/stand, The motor would be positioned and aligned
on the mobile launcher using the mobile gantry. Buildup of the Space Shuttle would
then oceur.

Checkout of the motor would he similar to the checkout of the assembied 156

in. diameter parallel configuration. The manpower requirements Lo support the 260
in. diameter ser es launches are as shown in Table 10-7.
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